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1.0 EXECUTIVE SUMMARY 

The Saldana Well No. 2, approximately 35 miles Southeast of the city of Laredo, Texas, 
was the sixth successful test of a geopressured-geothermal aquifer under the DOE Wells  
of Opportunity Program. Eaton Operating Company, Inc., assumed control of the site on 
October 8, 1980, when Riddle Oil Company abandoned the well as a dry hole at a depth 
of 11,171 feet. 

The well was tested through the annulus between 7-inch casing and 2-3/8 inch tubing. 
The interval tested was from 9745 to 9820 feet. The geological section was the 1st 
Hinnant Sand, an upper member of the Wilcox Group. Produced water was injected into 
the Saldana Well No. 1, which was also acquired from Riddle Oil Company and converted 
to a disposal well. A Miocene salt waternand’was perforated from 3005 to 3100 feet  for 
disposal. 

One pressure drawdown flow test and one pressure buildup test were conducted during a 
lO-day period. A total of 9328 barrels of water was produced. The highest sustained 
flow rate was 1950 BWPD. 

The gas-to-water ratio, measured during testing by adding flare line gas and gas 
remaining in solution in brine after the separator, ranged from 47 to 54 SCF/BBL. 
Laboratory recombination studies determined a saturation value of 40.9 SCF/BBL, 
indicating that gas production was in excess of solubility in the brine at reservoir 
conditions. Two successful bottomhole fluid samples indicated a gas-to-water content 
of 38.8 SCF/BBL, supporting the recombination data. The C02 content of the gas was 
high and ranged from 26.4 to 16.4 mole percent. The H2S content of the gas was 
substantially higher than for any previous CEO2 test. Measured values were between 57 
and 93 ppm. 

The measured original bottomhole pressure w 627 psia, with a corresponding original 
static surface pressure of 2443 psia. The reservoir temperature was 3000F. The highest 
surface temperature observed during testing was 2200F. The single reservoir drawdown 
test provided sufficient transient pressure flow information to develop the needed 
reservoir data. The reservoir appeared to be relatively tight, with a permeability to  
reservoir fluid of 12.5 millidarcies. Two permeability barriers were found within 265 
feet  of the wellbore, restricting the drainage area to about 111 degrees (as opposed to 
3650). 

The total dissolved solids in the produced brine averaged 12,800 mg/l. Light corrosion of 
the surface test equipment was observed. Scaling was very light at 0.0050 grams per 
square inch per 1000 barrels of water. Preve treatment would have been necessary, 
however, for long-term production. 

Approximately 488 pounds of fine solids 
solids were drilling mud 
precipitated from the brine 

A one-page sum 

ed during testin 
material; and 29% w 

y of test data follows 
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SUMMARY OF TEST RESULTS 

SALDANA WELL NO. 2 

ZAPATA COUNTY, TEXAS 

WELL DATk 

TotalDepthof W e l l  11,171 Feet 
Formation 
Crosssand Interval . . . . .  90 Feet 
N e t  Sand . . . . . . . .  79 Feet 
Perforations 9745 - 9820 Feet (8 HPF) 
Original Reservoir Pressure 6627.2 Psia 

Original Shut-In Surface Pressure . . 2442.9 Psia 
Average Porosity 20% (SidewallCores) 
Average Permeability 

1 . . . . .  . . . . . . .  Upper Wilcox, First Hinnant Sand 

. . . . . . .  . . . .  , 
Original Reservoir Temperature . . .  300.20F 

. . . . . .  . . . . .  20 md (Sidewall Cores) 

ANALYSIS OF POST-SEPARATOR WATER: 

Total Dissolved $lids . . .  . . . . .  12,800 mg/l 
Chlorides 6,630 mg/l 
pH . . . . . . .  6.5 

ANALYSIS OF FLARE LINE GAS 

Methane . . . . .  70.9 to 78.8 Mole Percent 
Carbon Dioxide . . . .  26.4 to 16.4 Mole Percent 
Heavier Hydrocarbons 2.5 to 4.7 Mole Percent 
Other 0.2 to 0.1 Mole Percent 
Heating Value . . . .  790 to 893 BTU/SCF 
H2SinCas . . . . .  57 to 93 ppm 

. . .  . . . . . .  

TESTS (From 11-16-80 to 11-25-80): 

Flow test . . . . . . . . .  6 . 0 4 ~  reservoir drawdown and 
flow test during which 9328 barrels 
of water were produced. 

3.l-day reservoir pressure buid-up 
test. 

Build-up Test . . . . . . . . .  
Produced Dry Cas-to-Saltwater Ratio 
Total Water Produced . . . . . . .  9328 Barrels 
Highest Flow Rate Achieved . . . . .  1950 BWPD Sustained 
Highest Surface Temperature Observed . . .  220°F 
Solids Production . . . . . . . .  High; 50 pounds per 1000 barrels 

Scaling . . . . . . . . . .  Light; 0.0050 Crams/1000 

. . .  47 to 54 SCF/STB (49.15 average) 

Corrosion . . . . . . . . .  Light; 0.0046 Crams/1000 
BBLSIIN~ , 

BBLS/IN~ 
Lowest Flowing Surface Pressure Observed . . 424 Psia 
Lowest Flowing Bottom-hole Pressure Measured . 4237 Psia 
Test W e l l  Productivity Index 
Maximum Explored Volume of Reservoir Water 
Maximum Distance Explored (BHP Instrument) . 2768 Feet 

. . . . .  1.51 BPD per psi . Approximately 18 Million Barrels 

permeability to reservoir fluid 
of 12.5 mds. and a gas saturation 
in excess of solubility. Two 
permeability barriers were found 
within 265 feet of the wellbore, 
restricting the drainage area to 
about 11 1 degrees. 
3005 to 3100 feet (4 HPF) 

Reservoir . . . . . . . . .  Relatively tight with a 

I 

Disposal Well Gross Perforations . . . .  
Eaton Industries of Houston, Inc. 
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Photo 1-2 Testing in progress. Well is producing approximately 103,000 standard 
cubic feet  of gas per day. 1-4 



2 0  INTRODUCTION AND BACKGRO 

2 1  

This report co ting of a geopressured-geothermal 
(GE02) well and reservoir by Eaton Operating Company, Inc. (Eaton) under contract with 
the United States Department of Energy, Division of 'Geothermal Energy. The work 
performed by Eaton is a continuation of the Wells of Opportunity (WOO) Program. The 
WOO Program was initiated in 1977 to take advantage ,of the low cost of oil and gas 
wells previously drilled by industry to  obtain short-term test data on the energy 
producing potential of underground aquifers. Geopressured-geothermal resources could 
make an important contribution to our nation's energy supply, if it should become 
commercially feasible to produce saltwater reservoirs and to extract the dissolved 
hydrocarbons, heat, and mechanical energy in these aquifers. 

The Saldana Wel l  No. 2, acquired for this particular test, was drilled by the Riddle Oil 
Company (Riddle) in March, 1980, at a cost of approximately $1,035,000. Riddle 
abandoned the well as a non-commercial producer and offered the well to Eaton for 
G E d  testing. Eaton also acquired the Saldana Well No. 1 from Riddle for use as a 
disposal well. The Saldana No. 1 Well  was drilled by Riddle in December 1979 at a cost 
of approximately $1,460,000 and also proved to be a non-commercial well. 

Contracts were finalized with Riddle Oil Company and the landowner on October 8, 
1980, and actual field operations were initiated on October 23, 1980. 

2 2  Location and Geom-aphy 

The Saidana Well No. 2 is located in south Texas approximately 35 miles southeast of the 
city of Laredo and about 5 miles northeast of Escobas, Texas, in the  Martinez Field area, 
Zapata County. The specific well location is 300 feet  from the south line and 2,200 f e e t  
from the east line of the A. Stehle Survey, A-497, in the first quadrant of the Tobin 
township, 244, range 9-E grid system. The terrain is hilly, and the iocation is about 607 
feet above sea level. Yearly rainfall is very low, and the land is mally used for game 
hunting. 

Laredo is a major international crossing point along the US.-M border. me city, 
with a population of about 80,000, derives its economy from such diversified sources as 
feeds and fertilizers, petroleum, smelting of imported ores, apparel manufacture, and 
brick and tile production. 

Exhibit 2-1 ind es the location of the Sa 1 No. 2 in relation to other GE02 
test wells in Texas. Exhibit 2-2 Is a Texas p of the location, and Exhibit 2-3 
is a Zapata County map of the hic map of the area. 
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283 Operator Contracts and Agreements 

Riddle Oil Company was the operator and principal working-interest owner of the two 
wells. Riddle completed and tested them. Both wells proved to  have no commercial 
hydrocarbon potential, and Riddle agreed t o  give Eaton the use of the wells for CEO2 
testing. Eaton's legal agreement with Riddle can be found in Appendix "Agt. 

Permission was also obtained from the land and mineral rights owners to  conduct the 
CEO2 testing. A copy of Eaton's agreement with Saldana family members is in Appendix 
ttAII. 

24 Rip; Contractor Agreements 

Target Wel l  Service, Inc. was awarded the contract to  workover the test well and the 
disposal well. Target's Rig No. 2 performed the work. The rig was moved on location on 
October 23, 1980. The rig description and workover contract can be found in 
Appendix ItBrt. 

The rig contract for plug and abandonment operations was also awarded to Target W e l l  
Service, Inc. Rig operations were completed on December 20, 1980. A description of 
Target's Rig No. 15 and the contract can be found in Appendix "8". 
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TEXAS LEOEND 

SCALES 

TEXAS HIGHWAY MAP O F  L O C A T I O N  
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COUNTY MAP O F  
LOCATION 
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3.0 0BJEcm 

The "Wells of Opportunity" program was designed to obtain short-term test data from 
several geopressured-geothermal aquifers in different geologic environments along the 
Gulf Coast region of Louisiana and Texas. 

The task requires the capability to drill, complete, and test wells, the ability to  interpret 
data, knowledge of the regional geology, communication and coordination with oil and 
gas operators, and a scouting system capable of locating potential GE02 wells. 

The objectives of the WOO test program in general, and of the Saldana Well No. 2 test 
in particular, are to obtain accurate, reliable, short-term information concerning the 
following: 

A. 

B. 

The aquifer fluid properties, including in-situ temperature, chemical compo- 
sition, hydrocarbon content, and pressure. 

The characteristics of geopressured-geothermal reservoirs, including perme- 
ability and porosity, extent and distribution of sands and shales, degree of 
compaction, and rock composition. 

C. The behavior of fluid and reservoir under conditions of fluid production at 
moderate and high rates, including pressure/time behavior at different flow 

. rates, fluid characteristics under varying production conditions, and other 
information related to  the reservoir production drive mechanisms and physical 
and chemical changes that may occur with various production conditions. 

D. The evaluation of completion techniques and production strategies for 
geopressured-geothermal wells. 

E. Analysis of the long-term environmental effects of an extensive commercial 
application of geopressured-geothermal energy, t o  the extent determinable 
during testing. 

DOE CONTRACT NO. 
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GEOLOGY 

4.1 Regional Settinq 

The Saldana No. 2 geopressured-geothermal well tested the 1st Hinnant sand. This sand, 
a unit of the Rockdale formation, is an upper member of the Wilcox Group. These 
sediments were deposited during the early Eocene/late Paleocene age. 

The Wilcox Group consists primarily of a wedge of coarsening upward sandstone and 
shale sequences, dipping gulfward across a complex growth-fault system. It is the oldest 
thick sandstone/shale sequence within the Tertiary System of the Gulf Coast. The 
sediments dip regionally, approximately 1' (100 ft/mile), and thicken abruptly downdip of 
the Sligo shelf margin (Reference 1). 

In South Texas, the upper Wilcox is exhibited by the Rosita delta system. This system is 
composed of three delta complexes: the Duval, the Zapata, and the Live Oak. The 
Saldana well lies within the Zapata delta complex, the middle sequence of the upper 
Wilcox progradation cycle. The depositional patterns of the Rosita delta system are 
primarily represented by shallow water environments; delta, plain, and delta front sands 
(Reference 8). 

4 2  

The 1st Hinnant sand, in the Martinez field, is mairifested as a highly faulted domal 
structure of moderate relief, (Exhibit 4-1). The test well is located within a centralized 
block, bounded by arcuate north, northeast-south, southwest trending down-to-the-coast 
faults, (Exhibit 4-2 & 4-3). These faults limit reservoir extent 1600 feet  to the east and 
1500 feet  to the west of the Saldana well, but there are no apparent reservoir limiting 
barriers either to the north or to the south. The displacement of these faults are 750 
feet and 350 feet, respectively. 

The depositional environment of the 
delta-front sheet sand throughout 
can be seen in the western blocks. 

e area. Some thinning and growth faulting 
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STRUCTURE CONTOUR MAP 

Martinez F i e l d  
Zapata County, Texas 

Datum: Wilcox 1st Hinnant Sand 
A' 
I 

I A-497 1 A - 1 0 0  

CC 

I d- D r y  Hole 

c 

B' 

cross Section 

-9120/79'Depth below Sea Level 
ii 0' 

J 
Net Sand 

EXHIBIT 4-1 
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500 PETROPHYSICS 

5.1 

Riddle Oil Company conducted several logging surveys for hydrocarbon evaluation during 
the drilling phase of the Saldana No. 2 Well. When the hole was abandoned, the logs were 
made available to Eaton for use in reservoir evaluation for the DOE Wells of Opportunity 
program. The following logs were used in the evaluation of the target reservoir. 

1. Dual Induction Log - 1" (Exhibit 5-1) 

2. NeutrodDensity Log - 5" . (Exhibit 5-2) 

Open-Hole Log Analysis - Test Well  

3. ISF/Sonic Log - 511 (Exhibit 5-3) 

Data from the aforementioned logs resulted in the, following open-hole measurements: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

5.1.1 

Spontaneous potential 

True formation resistivity 

Gamma Ray 

Neutron porosity 

Density porosity 

Computed apparent water resistivity 

Sonic time travel 

porosity 

The mean porosity of the net pay sand was 20%, with a range from 18.1% to 22.5%. 
These values are based on analysis . 2 Wel l  (Exhibit 5-4) 

501.2 Sandl'hickness 

The net sand thickness of the teste d u e  is based on analysis of 
both the induction and density log gross interval of 90 feet (Exhibits 5-1 and 5-2). A 
porosity cutoff of 10% was applied t ield the net value. 
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LlTHOLOGlCAL DESCRIPTION 

V f g  s i l t y  shy lnly sd, No f l u .  
Sam as above 
Same as above 
Same as above 
Sam as above 
Same as above 
Same as .above 
Same as above 
Same as above 
No Recoverv. 
Vfg sSlty ihy sd, No f l u .  ~ -_ - 
Same as above . 
Sam as above 
Same as above 
Same as above 
Same as above 
Same as above 
Same as above 

* LOW PERMEABlLl t Y  

1st .  HINNANT SAND - R I D D L E  O I L  a 2 - S A L O A N A  



5-1.3 Permeability 

The mean permeability (air) of the geopressured-geothermal test zone was 20 md. This 
value was determined from sidewall cores from the 1st Hinnant sand with a range of 4.4 
md to 43 md (Exhibit 5-4). ' 

501.4 salinity 

An actual formation water sample was obtained from the Saldana No. 2 Wel l  prior to 
testing. The laboratory analysis yielded a salinity value of 11,121 ppm. This figure was 
determined from a measured chloride content of 6740 ppm and a chloride-to-salinity 
constant of 1.65 (Exhibit 5-5). 

Estimated water salinity from electric logs ranged from 6000 ppm to 71,000 ppm. These 
values were determined by the following methods: 

1. Conventional SP Method 4. Conductivity Salinity Method 

2. R Method 5. Shale Resistivity Method 

3. Dunlap Kf Method 
wa 

5.1 04.1 Conventional SP Methodt The calculated salinity using the Conventional 
SP (spontaneous potential) method was 35,000 ppm. This value was determined by 
solving for the formation fluid resistivity using the maximum SP value from the 
induction log, and then it was plotted on the Welex Resistivity-Salinity-Temperature 
chart (Exhibit 5-61. The equations used in determining formation fluid resistivity are as 
follows: 

SSP = 

Solving for Rwe: 

we R 

RW 

where: 

SSP 

T 

Rmf 

DOE CONTRACT NO. 
DE-AC08-80ET-27081 

-(60 + -133T) log Rmf/Rwe 

koSSP/(60 + 0.133Tg 
mf 

Rwe 

static spontaneous potential - millivolts 

formation temperature OF 

resistivity of mud filtrate - ohm-m 
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(Equation 2) 

(Equation 3) 



August 15,  1980 

C e r t i f i c a t e  of Analys is  No.29482 

Invoice  No, 97924 

Doug Graham 
Eaton Operating 
3100 Edlow, S u i t e  205 
Houston, Texas 77027 

Sample rece ived 8/15/80 

Chloride . . . . . . , . . 6,740 ppm 

A N A L Y  S IS 
RIDDLE OJL 2 -  S A L O A N A  

_ .  
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and: 

5 i4 .2  

= equivalent formation fluid resistivity - ohm-m 
, A  f ~ :.i- % ,  

Rwe 

f = water resistivity correction factor -dimensionless 

- maximum SP (uncorrected) - 
corrected SSP 

temperature 

Rmf 

the Rwa 
formation 

- Rwe ' 

f 

-25 mv 

-25 mv 

300°F 

.34 ohm-m @ 75'F 

(Exhibit 5-7) 

-09 ohm-m 300°F (Exhibit 5-6) 

.05 (Equation 2) 

1.04 (Exhibit 5-8) 

.052 (Equation 3) 

35,000 (Exhibit 5-6) 

Rwa Me- An estimated salinity of 6000 ppm was calculated using 
Method and was determined primarily as a function of porosity and true 
resistivity. The mathematical equation is as follows: I 

F = Ro/Rw (Equation 4) 

(Equation 5 )  

R ~ R ~  = 0.81/02 (Equation 6)  

(Equation 7) 
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where: 

F = formation factor - dimensionless 

= 100% water saturated rock - ohm-m RO 

R t  = true formation resistivity - ohm-m 

= formation water resistivity - ohm-m Rw 

0 = porosity - %  

and: 

= 4.9ohm-m Rt 

0 = 20% 

Assuming a 100% water-saturated formation where Rt = Ro, (Equation 7), and the 
previously listed log-derived parameters, a formation water of 0.242 ohm-m is obtained. 
Plotting the formation water resistivity on the Welex Resistivity Salinity graph 
(Exhibit 5-6) yields salinity of 6000 ppm. 

5.1.4.3 Dunlap Kf Method: An estimated salinity of 71,000 was calculated using 
Henry Dunlap's Kf Method. This value was calculated by obtaining a corrected Rmf 
using Dunlap's Kf = Rmf/Rm vs Mud Weight graph (Exhibit 5-71, the Conventional SP 
Method of salinity determination, and geologic age and salinity correction graphs, 
(Exhibits 5-9 and 5-10.) The equations used in correcting the Rmf are  as follows: 

. 

b" 

L 
c - 
4- 
I 

L 

T' 
i 
bi 

c 

L 

Kf = Rmf/Rm (Equation 8) 

solving for Rmf: 

Rmf = KfRm 
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where: 

= mud filtrate resistivity - ohm-m Rmf 

E mud resistivity - ohm-m Rm 

= constant - dimensionless Kf 

MD = mud density - #/gal. 

and: 

SP (corrected) = -25 mv 

Rm (uncorrected) = 1.33 ohm-m @ 75'F 

MD 

Kf 

c 

= 16.1 #/gal. 

= .2 (Exhibit 5-1 1) 

Rmf = .266 ohm-m @ 75'F (Equation 9) 

= .073 ohm-m @ 300°F (Exhibit 5-6) 

Rwe = .041 ohm-m (Equation 2) 

f = 1.04 (Exhibit 5-8) 

Rw = .043ohm-m (Equation 3) 

Salinity (uncorrected) 43,000 ppm (Exhibit 5-6) 

Salinity (corrected I) = 61,000ppm (Exhibit 5-9) 

Salinity (corrected 11) = 71,000 ppm 
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5.1.4.4 C o ~ d v i t y  salinity Method= A salinity of 6600 ppm was calculated 
using the Conductivity-Salinity method, a variation of the Rwa method. In this 
approach, true formation resistivity is back-calculated by means of using the 
conductivity of the formation. nce the true formation resistivity is known, applying the 
Rwa method gives an additiona 3 value for formation water salinity. The'equation for 
determining this value is as follows: 

where: 

- C I -  

- Salinity - 

true formation resistivity - ohm-m 

conductivity - mmhos/m 

formation temperature - OF (uncorrected) 

215 mmhos/m 

300°F 

20% 

4.65 ohm-m 

(Equation 9) 

(Equation 9 )  

.229 ohm-m (Equation 6 )  

6600 ppm (Exhibit 5-6) 

5.1.4.5 , Shale Resistivity Methock A salinity measurement of 18,500 was 
estimated using Dr. K. Bassiouni's Shale Resistivity method. This value was calculated 
by using parameters from the SP log and solving for R!, using Bassiouni's Shale 
Resistivity - SP graph (Exhibit 5-12). The equations used in this calculation are as 
follows: 

I 

(Equation 10) 

(Equation 11) 
(Exhibit 5-12) 

I 
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where: 

= shale resistivity - ohm-m 

= 

= 

= formation temperature - OF 

Rsh 

Rmf 

Tf 

mud filtrate resistivity - ohm-m 

formation water resistivity - ohm-m W 
R 

and: 

SP = -25 mv. 

= 1.60ohm-m Rsh 
Tf = 300°F 

= -34 ohm-m @ 75'F Rmf 
-09 ohm-m @ 3OO0F 

[g) @ 300°F = 17.778 

= 1.05 Me 750F 

(Exhibit 5-6) 

(Equation 10) 

(Exhibit 5-12) 

5-19 

RW = .324 @75'F (Equation 11) 

Salinity = 18,500 (Exhibit 5-6) 

Comparison of the measured versus estimated salini alculations shows a wide range of 
salinities. Whereas the Rwa and conductivity salinity calculations are short of the 
measured salinity by factors of 0.54 and 0.59, the shale resistivity, conventional SP, and 
Dunlap methods exceed the measured salinity by factors of 1.66, 3.15, and 6.38 
respectively. These discrepancies may due to higher than measured sonic porosities 
for the R and conductivity method hile erroneous log header resistivity readings 
may have g t en  used in the SP, shale resistivity, and Dunlap methods. 

The problem of obtaining correct salinity calculations from electric log information 
continues to be avidly studied by many institutions in the Gulf Coast Area. At this time 
an accurate method for determining log-derived salinities continues to be elusive. 
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5.2 

Saldana No. 1 Well was plugged back for saltwater disposal purposes to a depth of 3335'. 
Four potentia disposal sands were encountered and are identified as follows: 

Open Hole Log Analysis - Disposal W e l l  

Sand '*Att 3005' - 3097' 
Sand "B" 2825' - 2885' 
Sand *Cql 2695' - 2785' 
Sand "D" 2475' - 2662' 

Sand A had a net thickness of 92*, a porosity of 26%, a salinity of 10,000 ppm, and an 
estimated pressure and temperature of 1708 psi and 1 W F ,  respectively (Exhibit 5-13). 
It appeared to have the best potential and therefore was completed for saltwater 
disposal. 

503 Cased Hole Log Analysis - Test W e l l  

A Variable Density Cement Bond Log was run on the Saldana No. 2 W e l l  after re-entry to 
total depth. This log served a two-fold purpose: 

1) To establish an open-hole versus casing-collar correlation. 

2) To determine integrity of casing versus cement, and cement versus 
formation bonding. I 

Analysis of the test well Variable Density Cement Bond Log, (Exhibit 5-14), indicated 
that the 1st Hinnant sand (9745' - 98859 was poorly bonded. Sands at the base of the 
9-5/8'* casing, however, showed excellent cement bonding, thereby isolating the test 
zone from any overlying sands, (Exhibit 5-14). 

504 Cased Hole Log Analysis - Disposal W e l l  

An Acoustic Cement Bond Log was run on the Saldana No. 1 W e l l  for reasons stated in 
Section 5.3. Analysis of the bond log indicated that the primary disposal zone, Sand "A", 
was poorly bonded, and that block-squeezing operations were required to isolate the 
zone, (Exhibit 5-15). These operations are discussed in Section 7.0. 
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6.0 RE-ENTRY AND COMPLETION OPERATIONS - TEST WELL 

6.1 Drill Site and Support Facilities 

6.1.1 Site Layout 

The location layout shown in Exhibit 6- 1 accommodated conventional workover 
equipment used for completion of the test well. The soil is normally hard and dry, and 
rig operations were performed without any improvements to the location. Prior t o  
moving in the well testing equipment, a portion of the location was covered with a layer 
of caliche followed by a layer of gravel. 

&I2 Living Facilities and Utilities 

Air-conditioned living facilities were provided for 12 individuals. Target Well Service, 
Weatherly Engineering, and Reservoir Data, Inc. brought in living trailers for their 
personnel. Motel accommodations were available in Zapata, Texas. 

Water for drilling and other operations was obtained from a drilling fluids supply 
company. Drinking water was brought t o  the site by a local water delivery service. 
Septic tanks were installed for sanitation. 

Radio-telephones were installed in the Eaton house trailers. Rented generators were 
used to supply electrical power. 
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6.2 Test W e l l  Design 

6.21 

Exhibit 6-2 is a schematic drawing of the test well, illustrating the downhole 
configuration at the time Eaton took over the well from Riddle. The well had been 
drilled to a total depth of 11,171 feet. Seven-inch casing was set at 10,655 feet during 
the drilling operations. The well was "junked** below 9830 feet; however, Riddle did 
complete the well in the target sand through perforations from 9750 to 9754 feet and 
from 9760 to 9764 feet. A packer was set with 2-3/8 inch tubing at 9736 feet. The 
packer seal was not holding, and both the shut-in casing pressure and tubing pressure 
were 2600 psi. 

Initial and Actual W e l l  Completion Status 

- 20. CONDUCTOR PIPE 

-13 3/8" SURFACE CASING SET @ 1,262' 

1 1  I 1- 2 3/8* N-80 MODIFIED ABC TUBING 

I1 I I II 
It I I I1 . .  k- 9 5/8" 47X/FT N-80 0 C-95 LTC 

INTERMEDIATE CASING SET @ 8,162' 

BOT PACKZR @ 9,736' - 
PElWORATIONS 9750'-54' and 9760'-64' 

16.2 PPG 

16.2 PPG 

BRIDGE PLUG @ 9,822' 

-TOP OF FISH @ 9,830' 
{ DRILL PIPE C 5" LINER) 

- 7" 26 C 29#/FT N-80 C 32CFT P-110 
PRODUCTION CASING Sfi @ 10,655' 

MUD- 
TOTk DEPTH 11.171' 

LTC 

(ALSO 8oTToM OF 5" LINER) 

EXHIBIT 6-2 CONDITION AT TIME OF EATON TAKEOVER 
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Exhibit 6-3 is a schematic diagram illustrating the tubular configuration of the well as 
completed for testing. Tubing was run open-ended into the well to a depth of 9642 feet.  
The 13.2 ppg mud was then displaced with 9.0 ppg saltwater, and the target zone was 
perforated from 9745 to 9820 f ee t  with 8 holes per foot. 

I 
1 

A 

BRIDGE PLUG @ 9,822' 

16.2 PPG MUD' 

A 

16.2 PPG MUD- 

DOE CONTRACT NO. 
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13 3/8" CASING @ 1,262' L- 

- 2 3/8" TUBING 

'-9 5/8" CASING @ 8,162' 

-BOTTOM OF TUBING @ 9,642' 

TEST PERFORATIONS 9,745'-9820' 

TOP OF FISH @ 9,830' 
(DRILL PIPE & 5" LINER) 

- 

,-7" PRODUCTION CASING @ 10,655' 

TOTAL DEPTH 11,171' 
(ALSO BOTTOM OF 5" LINER) 

- 

EXHIBIT 6-3 TESTING CONDITION 
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6.2.2 Tubular coeds Design 

Engineering design and safety calculations were performed prior to  completion of the  
well. Exhibit 6-4 summarizes the specifications of the  tubular goods installed in the test 
well, as well as hole sizes and design safety factors. 

62.3 Wellhead Design 

Exhibit 6-5 is a schematic of the wellhead and Christmas tree used. The Christmas tree 
was designed for annular flow of fluids. Produced fluids flowed up the casing/tubing 
annulus and exited through two outlets in the tubing head. Flow through each outlet was 
controlled by two 2-inch, 5000-psi working-pressure, hand-operated gate valves and one 
2-inch, 5000-psi working-pressure, pneumatic-operated surf ace safety valve. Two 
sections of 3-inch XX grade ItBtt API line pipe connected the tubing head outlets to a 
common aYtt block at the head of the flow line. 

The upper section of the Christmas t ree  consisted of two 2-inch 5000-psi working- 
pressure master gate valves, a %e" with a 2-inch valve for a kill line connection, and a 
2-inch Itswab" valve for wireline accessibility. 

6.2.4 ~ggingptogram 

The suite of open-hole logs and sidewall core data obtained by Eaton supplied adequate 
information for formation evaluation purposes. A gamma-ray acoustic cement bond log 
run by Riddle was also provided t o  Eaton. The only log run by Eaton itself was a casing 
inspection log. 

6.3 Re-btry ope rations 

The Target Rig No. 2 was moved to the Saldana Well No. 2 location on October 23,1980, 
to commence re-entry operations on the test well. The well had 2600 psi of pressure on 
the tubing and casing. Water in the tubing and casing was displaced by circulating 13.2 
ppg mud down the tubing, around the leaking packer, and out of the casing. After the 
well was dead, the Christmas tree was removed, and a blowout preventor stack approved 
by Eaton was installed and tested t o  5000 psi. The 2-3/8 inch tubing and packer were 
pulled out of the hole. A 6-inch bit was then run in the well to 9688 feet. The 13.2 ppg 
mud was circulated and conditioned, and the bit was pulled out of the hole. 

\ 
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6.4 Completion Operations 

6.4.1 Cased Hole Log 

A Dia-Log profile caliper log was run in the 7-inch casing from 9755 feet to the surface. 
The purpose of the log was to locate casing damage in the area of the packer and to 
determine the condition of the casing further up the hole. The log indicated that there 
was severe casing damage from 9740 to 9540 feet. Due to an equipment malfunction, 
the section from 9170 to 8920 feet was not graded or calipered. There was no indication 
of wear or any other damage to the rest of the casing. A 40-foot joint at 7740 feet was 
found to be a lighter joint, probably 29 pounds per foot, instead of the specified 32 
pounds per foot. 

The condition of the casing was not surprising. The severe damage in the lower section 
of the well was due to fishing and completion operations conducted by Riddle, and it 
explains why the packer seal would not hold. Since there were no other salt water sands 
in the area of the damaged casing, there was no concern about obtaining a proper test of 
the target sand. The light joint at 7740 feet also did not cause concern, because it was 
still strong enough to withstand the collapse and burst forces expected to be placed on it 
during testing. 

6.4.2 Production T u b i i  

The 2-3/8 inch tubing originally pulled out of the well was run back in the hole to serve 
as a kill string and as a protection string for the bottom-hole pressure instruments. A 
rotary shoe was placed on the end of the tubing, and the hole was washed from 9760 to 
9819 feet. The tubing was pulled back up to 9642 feet and hung in the tubing hanger. 
The Christmas tree was installed and tested to 5000 psi. A wireline was then run in the 
tubing t o  9813 feet to check for possible obstructions. The rig was moved off location on 
October 29, 1980. 

6.4.3 Completion Perforations 

The 13.2 ppg mud in the tubing and casing was displaced with 9.0 ppg brine. After 
displacement the well was allowed to produce about 80 barrels of salt water to the pit. 
(Riddle's old perforations 9750-54' and 9760-64' were still open). The target sand was 
then perforated from 9745 to 9820 feet with 8 holes per foot. A Dresser Atlas 1-11/16 
inch "Slimkonett zero-phase through-tubing perforating gun was used. The well was 
opened to flow on October 31, 1980 and produced an estimated 250 barrels of salt water. 
The shut-in surface pressure was approximately 2450 psi. 
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RIDDLE S.WANA WELL NO. 2 
TUBULAR SIJMMRY 

Depth Weight Minimum - Tubular Size (in.) From (Ft,)  To (Ft.)  lbs. /Ft . Drif t  (in.) 

Conductor P i p e  20 0 UA UA NA 

surface Caring 13-318 0 1,262 54.5 12.459 

Intermediate Cag. 9-5/8 O f  4,279 47.0 8.525 
4,279 4,757 47.0 8.525 
4,757 8,162 47.0 8.525 

0 1,053 29.0 6.059 
1,053 5,168 26.0 6.151 
5 , 168 6,736 29.0 6.059 
6,736 10,655 32 .O 5.969 

Liner 5 9,800 Eat .  11,171 NA NA 

Tubing 2-318 0 9,642 4.7 1.995 

NA NA 

K-55 STC 
c-95 LTC 

N-80 LTC 

c-95 LTC 

N-80 LTC 

N-80 LTC 

N-80 LTC 

P-110 LTC 
UA NA 

N-80 8RD 

Caring Deaign Factors 
Burst Collapse Tenaion - 

- - - 
* * * 
* * * 
* * * 
* * * 

3.33 n 2.6 
c* 2.8 ** 
** 2.8 ** 
c* 2.9 ** 
- - - 
** c* 2.8 

CEMENTING SUMMARY 

Casing Size (ia.) Hole Size (in.) 

Surf ace 13-318 17-112 

Intermediate 9-518 12-1/4 

Cemented t o  rurface with 675 rackr Halliburton Li te  Ware with 5% mlt and 500 sacks 
Clara *Q" wtth 2% CaC1. 
Cemented Vith 300 aacka Halliburtar L i t e  Wate with 12% H R 4  and 1/4#/sack Flocele and 
400 aackr Clarr *Item with 18% s a l t .  No returnr.  Cemented with 700 aacks L i t e  Wate 
with 0.2% HR-4 and 114#/sack Flocele. No returns. 

Cemented with 600 sack. Clara *%le with 35% S i l i c a  Flour, 0.75% CFR-2, 2% KCL, 0.5% Halad 
22-A and 0.2% HR-5 with 17#/sack of Disene 1 2  i n  laa t  300 aackr. 

cemented. 

Production 7 

Liner 5 6- I12 Cemented bottom with 175 aackr Clara HH". Mixed a t  17.0 ppg. Top of l iner  never 

8-1/2 

Note: 
* 
** Safety factorr Very High. 

A l l  casiag =a, cemented and teated by Riddle. 
Tubulats in  place and no longer expored to  well bore conditions. 



R I D D L E -  S A L D A N A  WELL NO.. 2 
C H R I S T M A S  T R E E  S C H E M A T I C  

~ g3- W I RE L I N E A D A PTE R 

SWAB VALVE 2'' 5,000 PSI W . P .  

2" 5,000 PSI W.P. 
K I L L  S T R I N G  
C O N N E C T I O N  

2" S U R F A C E  
SAFETY V A L V E  
51000 P S I  W. P. 

T U B I N G  H E A D  
5,000 PSI W.P. 

C A S I N G  HEAD 13 3/8" O . D .  CASING 
3,000 PSI W.P. 9 5/8" O.D. C A S I N G  

7 "  O.D.  C A S I N G  

2 3/8" 0.0. T U B I N G  

i 

'I 
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Photo 6-3 Christmas tree and "Y" block connection to flowline 
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Photo 6-4 Side view of Christmas tree with 2-inch 5000-psi working pressure gate 
valves. Note safety pilot and pressure sensors at bottom center. 
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Photo 6-5 A high-pressure fluid sampling point on the wellhead 
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7.0 RE-ENTRY AND COMPLETION OPERATIONS - DISPOSAL WELL a, 7.1 Location 

. The Saldana Well No. 1 was located approximately 2900 feet south-southwest of the test 
well location. The No. 1 well was also a dry hole which had been abandoned by Riddle 
Oil Company. The well was in a cleared area where the ground was flat, dry, and hard. 
No improvements to the location were necessary for rig operations or testing. 

il 7 2  Disposal Well Design 

A brine disposal well was desired for this test because of the large amount of water that  
was to be produced. The primary design requirements for the well were the following: 81 
e An injection capacity of 8000 barrels of water per day at an injection pressure 

below 500 psi. ld 
e High temperature capability of up to 300°F. 

L 0 A minimum disposal depth of 2450 feet  as specified by the Texas Railroad 
Commission. 

iJ e Protection of fresh and brackish water sands by proper completion methods using 
casing and cement for isolation of sands. 

& 

b 
L Eaton Industries of Houston, Inc. 
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72m Initial and Actual W e l l  Completion Status I 

Exhibit 7-1 is a schematic drawing of the  disposal well showing the conditions when L' 
f -  Eaton took over operations from Riddle. The well contained 2-3/8 inch tubing set on a 

packer at 9710 feet. The interval from 9831 to  9836 feet had been perforated. The plug 
back depth was 9842 feet. 

4d 
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A 
10.2 PPG MUD- 

15.8 PPG MUD- 

16.2 PPG MUD - 
16.7 PPG MUD- 

i - 20" CONDUCTOR PIPE ,-13 3/8" 54.5#/FT J-55 STC CASING 
@ 1,239' 

- 2 3/8" TUBING 

- 9 5/8" 47#/FT N-80 C C-95 LTCC 
INTERMEDIATE CASING SET AT 8,200' 

BD PKR C 9,710' 
PERFORATIONS 9,772 - 9,773' SQUEEZED 

F.. ZL..?. PERFORATIONS 9,831 - 9,836' 
!t-.::2Ff?+ p m  9,842' (CEMENT) 

3%- LINER TOP AT 9,937' 
PLUG IN OTIS "X" NIPPLE AT 9,972' 

7- 29X/FT N-80, C-95 and 32#/??T 
C-95 LTC r-r perforations 11,208 - 11,217' 

PERFORATIONS 9.838 - 9,856' SQUEEZED 

PERFORATIONS 9.885 - 9,886' SQUEEZm 

CASING SET @ 10,069' 

3'1" 12.9X/FT N-80 ABC DSS LINER SET 
@ 11,383' 

.' !->. :.i - 
l"AL DEPTH 11,385' 

i ,  
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EXHIBIT 7-1: CONDITION AT TIME OF EATON TAKEOVER 
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Exhibit 7-2 is a schematic diagram illustrating the tubular configuration of the well as 
completed for disposal. The 7-inch casing was cut off below the disposal zone, and the 
9-5/8 inch casing was block-squeezed above and below the disposal interval. 
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-20" DRIVE PIPE I 

13 3/8" CASING @ 1,239' 
b- 

PERFS. 2,811'-2,813' BLK. SQD. 

DISPOSAL PERFS. 3,005'-3,100' 

PERFS. 3,157'-3,160' BLK. SQD. 

- 
CEMENT PLUG 3318'-3518' 

- TOP OF CE"T @ 4,515' 

7" CASING CUT AT 4,758' - 

- 9  5/8" CASING @ 8,200' 

CEMENT TOP @ 9,475' 

CMT. RETAINER @ 9,680' 

7" CASING 
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EXHIBIT 7-2 DISPOSAL WELL AS COMPLETED FOR DISPOSAL 
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! 7.2.2 Wellhead Design 

Exhibit 7-3 is a schematic of the Christmas tree installed on the disposal well. The 
13-3/8 inch and 9-5/8 inch casing heads, which belonged to Riddle, were not removed. 
Flanged adapters were added to allow installation of a tubing head and a 3-inch master 
valve. 
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Photo 7-2 A f 1 / 2  inch flowline was installed to transport processed water to the 
disposal well, 2900 feet away. 7-6 



7.3 Selection of Disposal Zone 

The electric log of the Saldana Well No. 1 obtained from Riddle indicated that the 
following potential disposal sands were available for injection: 

Sand & Bottom Thickness Average Porosity (%) 

A 3005' 3097' 92' 25% 

B 2825' 2885' 60' 30% 

C 2695' 2785' 90' 26% 

D 2475' 2662' 187' 31% 

The well was completed in Sand *'A'' and Sand IfB.lt Sands Tff and "Df' were reserved for 
additional disposal capacity. 

7.4 Re-Entry Opera t i O n S  

The Target Rig No. 2 that  was used for cleaning out and completing the test well was 
also selected to perform workover operations on the disposal well. 

The rig was moved onto the location on October 28, 1980. The Christmas tree was 
removed, and blowout preventors were installed on the well and pressure-tested to 5000 
psi. The tubing and casing fluids were displaced with 13.3 ppg mud, and the 2-3/8 inch 
tubing and packer were pulled out of the hole. An EZSV cement retainer was then run in 
the hole with 2-3/8 inch tubing. The retainer was set at 9680 feet. An attempt was 
made to squeeze off the perforations from 9831 to 9836 feet but injection into the 
perforations could not be accomplished with 6500 psi surface pump pressure. A cement 
plug was then spotted from 9675 to 9475 feet, and the tubing was pulled out of the hole. 

A free point indicator tool was run in the 7-inch casing, and the casing was found to be 
stuck at 4781 feet. The casing was cut  at 4758 feet and pulled out of the hole. A casing 
scraper was then run in the 9-5/8 inch casing to 4758 feet. A cement retainer was then 
set at 4720 feet, and a cement plug was spotted in the 9-5/8 inch casing from 4715 to 
4515 feet. 

7.5 Completion Operations 

A gamma-ray cement bond log was run from 4000 to 2000 feet. The log indicated that 
the proposed disposal zones were not isolated and that the 9-5/8 inch casing should be 
squeezed with cement above and below the two disposal sands. A casing inspection log 
was also run in the 9-5/8 inch casing from 4000 feet t o  the surface. A cement plug was 
then spotted from 3518 to 3318 feet. The well was perforated from 3158 to 3160 feet, 
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but fluid could not be pumped into the perforations. The well was perforated from 3157 
to 3159 feet, and the interval was squeezed with 230 sacks of cement. The interval from 
2811 to 2813 was then perforated and squeezed with 200 sacks of cement. The cement 
was drilled out from 2736 to 2813 feet. The cemented perforations from 2811 to 2813 
feet were pressure-tested and leaked at 700 psi. An attempt was made to re-squeeze the 
perforations, but no fluid could be pumped into the perforations with 4500 psi. (It is 
believed that the cement was not completely set during the initial pressure test). The 
cement was drilled out to 3160 feet, and the lower set of perforations was tested to  1000 
psi. Clean saltwater was circulated from 3335 feet t o  the surface, the 2-3/8 inch tubing 
was pulled out of the hole, the blowout preventors were removed, and the Christmas tree 
was installed. The rig was released on November 10, 1980. 

7.5.1 Perforation and hjectivity Tests 

After the rig was moved off location, the well was perforated from 3005 to 3100 feet 
with 4 holes per foot. Water was injected into the disposal zone at the rate of 21,600 
BWPD with 900 psi and 5760 BWPD with 300 psi. From these injectivity tests it was 
determined that the well was capable of accepting water in excess of 8000 BWPD with a 
maximum surface injection pressure of 500 psi. (See Exhibit 7-41. No stimulation 
treatment was necessary for the disposal well. 
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8.0 TEST OBJECTIVES 

The test equipment and procedures for the. Saldana Well No. 2 were designed to obtain 
the maximum information within the time and funds allotted. 

Specific information desired was the following: 

0 

0 

e 

0 

0 

e 

e 

e 

e 

e 

e 

e 

Gas Content and Solubility 

Wel l  Deliverability 

Formation Flow Capacity 

Aquifer Geometry 

Distance to Existing Boundaries 

Chemical Composition of Produced Fluids 

Physical Properties of Produced Fluids 

Performance of Downhole Equipment 

Performance of Surface Test Equipment 

Scaling and Corrosion Potential 

Formation Sand Production 

Disposal Well Injectivity 
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9.0 SURFACE TESTING FACILmES 
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9.1 Design Requirements 

The test facilities were designed to produce and inject the well effluent continuously and 
to obtain data at points indicated on Exhibit 9-1. Design criteria were as follows: 

Wellhead Working Pressure 5000 psi 

@ Flow Line Shut-In Pressure 5000 psi 

0 Temperature 300' F 

Brine Flow Rate 20,000 BPD 

0 Separator Operating Pressure 1200 psi 

0 Filter Operating Pressure 600 psi 

9.2 MainRocessEqUl 'pment 

Exhibit 9-1 is a diagram of the surface test equipment. The well stream entered the 
flow line at the point where the two flow loops connected. The fluid flow rate, pressure, 
and temperature were measured ahead of the choke manifold. A fluid sampling port was 
positioned in the flow stream so that  sampling could be performed at flowing wellhead 
conditions and before the chemical inhibitor injection point. The main flow then passed 
through a choke manifold and through a data header. The data header incorporated a 

' sonic sand detector and scale/corrosion-measuring coupons. The flow then entered a 
conventional horizontal well test separator. The gas was measured by an orifice meter 
and then flared. The separator brine passed through a flow meter manifold. Water 
samples were obtained at the flow meter manifold. The brine then passed through a 25 
micron filter tower manifold before entering a 220-barrel open-top tank. A triplex mud 
pump was used to move the produced brine through a 3000-foot, 3-1/2 inch O.D. flowline 
to the disposal well. Pressure and temperature were measured at the disposal wellhead. 

9.3 Safety Considerations 

The test well Christmas tree was equipped with two fail-safe pneumatic safety gate 
valves. The valves were set to close if the flowline pressure reached a low of 500 psi, 
separator pressure reached a high of 1200 psi, or the filter unit pressure reached a high 
of 600 psi. The pneumatic system could also be activated manually at a safe distance 
from the test well. 

All test equipment was pressure-tested prior to flow. There were several relief and by- 
pass lines to the pit. The separator had a pressure-relief burst plate. 
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Photo 9-2 Safety shut-in pressure sensor pilot on filter unit 
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Caution signs were posted to warn visitors of the high-pressure and high-temperature 
pipes and vessels. Personnel were given safety instructions and were *required to wear 
hard hats. 

9.4 Data Recording 

The following subcontractors participated in recording raw data for deducing the 
quantity and properties of produced fluids: 

0 

0 Reservoir Data, Inc. (RDI) 

0 Weatherly Engineering (Weatherly) 

Institute of Gas Technology (IGT) 

Sensors installed and recording methods used by each are described in the following 
sections. 

9.4.1 

IGT was responsible for the majority of real-time electronic data collection and for 
interpretation concerning the quantities and properties of produced fluids. 

9.4.1.1 
vided data which was electronically recorded by IGT: 

Data Recording (Institute of Gas Technology) 

Sensors Provided by SGT: The following sensors were installed and pro- 

0 Wellhead Temperature. Wellheadotemper%ture was sensed by an Acromag 319- 
BX-4 temperature transmitter (0 to 400 F) installed in the high-pressure line 
between the wellhead choke and the choke manifold. This sensor was mounted in 
a tee on the side (45 degrees below horizontal) of the high-pressure line to sense 
liquid temperature and to avoid problems from sand erosion. Temperature values 
were a few degrees low, because the thermal well was not in the flowing stream. 

0 Wel lhead Pressure (Annulus). A Honeywell diffused silicon pressure transmitter 
(0 to 10,000 psig) was attached to a flange on the wellhead to  determine pressure 
in the annulus. This l/4% sen solution Panex 
Gauge provided by RDI. 

0 Wel lhead Pressure (Tubing). A Honeywell diffused silicon pressure transducer 
(0 to 10,000 psig) was attached to RDI's wellhead 'lu ator to provide a 
continuous record of static tubing pressure. 
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WellheadBrine PrductionRate. IGT installed a second pickup on the high- 
pressure wellhead turbine meter to provide a backup to flow rate recording by 
RDI. 

Separator Pressure. Separator pressure was sensed by a Honeywell diffused 
silicon pressure transmitter (0 to  1000 psig) installed on the downstream flange 
of the orifice meter. 

Orifice Meter Differential Pressure. A Statham-type differential pressure trans- 
mitter with a range of 0 to 400 inches of water was used. 

GasTemperature. Gas temperature from a thermal well approximately 3 feet  
downstream from the orifice meter was detected using a Foxboro temperature 
transmitter with a range of 0' to 400°F. 

Separator Brine Production Rate. A separate pickup was installed on the separa- 
tor brine turbine used so that  brine production could be electronically recorded 
by IGT. 

Filter Differential Presswe. The pressure drop across the filters was converted 
to electronic data using a Honeywell diffused silicon differential pressure trans- 
mitter (0 to 100 psi). 

Disposal Well Pressure. Disposal wellhead pressure was converted to electronic 
data by a Honeywell diffused silicon pressure transmitter (0 to 1000 psig). 

D e  Well  Temperature. An Acromag 319-BX-4 temperature transmitter (0' 
to 400 F) was used on the disposal wellhead. I 

9.4.1.2 Data Recording by I G n  .Electrical outputs from 9 of the 10 sensors 
described above were directly transmitted to the recording location in the IGT trailer 
using four-conductor shielded cables with Amphenol Series 44 connectors at each end of 
the outside wiring. Output pulses from the separator brine turbine were amplified and 
shaped using a Tejas Controls, Inc. "Big Tex I P  near the turbine meter. The Big Tex I1 
received 110 volt a-c power from an extension cord. Its output pulses were transmitted 
to IGT's trailers using the same type field wire and connectors as the other data 
channels. This method of recording turbine data was developed through cooperation 
between IGT and RDI during the earlier test of the Lear G.M. Koelemay No. 1 well. 
Lead time for procurement precluded similar treatment of pulses from the wellhead 
pressure turbine. 

Inside the trailer, signal processing was provided by plug-in cards in an HP 6940B 
multiprogrammer controlled by an HP 85 computer through an HP 59500A multipro- 
grammer interface unit. For each of the 4-20 ma outputs of temperature and pressure 
transmitters, a precision 250-ohm resistor was used to produce a voltage signal. The 
analog voltages were sequentially sampled using a relay actuator card so that a single 
analog-to-digital convertor card provided digitizing of all analog data. Direct counting 
of pulses from turbine meters was accomplished by use of counting cards in the 
multiprogramrner. Since counts were cumulative over the duration of a test, three cards 
were used in series for each turbine meter. This provided enough capacity to avoid 
overloading. 
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Photo 9-3 Halliburton 1-3/4 inch turbine meter measuring wellhead fluid production 
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Photo 9-s Gas leaves the separator at top center through 2-inch line. Brine exits through >inch line at lower center. 



Photo 9-6 Circular 24-hour chart provides record of gas production. 
9-10 
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Photo 9-9 Dieital turbine meter recorders on metering skid 
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I; Photo 9-1 1 Close-up of two balanced piston control valves on water metering skid 
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Since only one Big Tex I1 pulse amplifier and shaper could be obtained in time for the 
test, automatic digital recording was provided only for the separator brine turbine. The 
signal from the wellhead turbine was displayed in the IGT trailer in units of barrels using 
a Halliburton LCD-1 Flow Totalizer. Readings were recorded manually. 

Control software provided for scanning of all analog channels every 5 seconds. Values 
measured for separator pressure and orifice differential pressure each 5 seconds were 
then squareroot-averaged over operator-selected time intervals for data recording. 
Linear averaging was performed for other analog channels. Time intervals for 
permanent records varied from 30 seconds at the beginning of each test up to as long as 
5 minutes during long-term stable production or shut-in periods. Cumulative counts from 
the brine turbines were recorded at the time of each permanent record. Permanent 
records were produced both by real time printouts and by storing of digital data on 
magnetic cartridge tapes. Backup strip-chart recording of eight analog channels was 
provided. 

9-4.2 Wireline Company Reco 

RDI was responsible for data r behavior. Data sensing 
and recording by RDI consiste 

Q Pre-Production Tempera rature was measured at depth 
increments of 1000 fe e zone tested. The 
temperature sensor rt-Owens 1-7/16 inch 
differential temperat digitally displayed at the  surface, 
was logged by hand. 

0 Pre-Production Pressure Gradient= Pr om a Hewlett-Packard downhole 
pressure gauge was r increments of 1000 feet and at 
the midpoint of the I 

Bottomhole Pressure: During flow and buildup tests, pressure at the 9580-foot 
gauge datum, 62 feet  above the end of the tubing string, was sensed using a 
Hewlett-Packar 

0 Wellhead (Annul sensed with a 

0 

Q e meter and 

determine the total rate 
temperature and pressure. 

e Brine Temperature: A Panex thermister-type temperature sensor was installed 
rmal well in the high-pressure flowline from the wellhead. The sensor 

approximately 2" into the flowline. 

While running temperature and pressure gradients, data recording was performed in the  
wireline truck. At each depth station the following actions were performed: 

0 Manual recording of depth indicated by the wireline odometer. 
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0 Observation of visual display of temperature until the  value stabilized. Then 
manual recording of temperature and setting that value into the HP computer on 
the HP bottomhole pressure gauge. 

Switching of the downhole tool t o  pressure recording and then manual logging of 
the stabilized value indicated on the computer display. 

0 

For production and buildup testing, RDI's computer was moved to  a trailer. All 
electrical signals from sensors provided by RDI were transmitted t o  that trailer using 
four-conductor shielded cable without connectors outside the trailer. 

Electronic chassis procured from suppliers of the Panex surface pressure gauge and HP's 
downhole pressure gauge provided digital outputs compatible with the  HP 9825 computer 
used for system control and permanent data recording. The analog signal from the 
wellhead brine temperature sensor was digitized. Pulses from the wellhead turbine were 
converted to  an analog signal by using the rate meter in a Halliburton Model LO-I1 Flow 
Totaliher. This analog signal was then digitized at the  time of each permanent record in 
the same manner as the temperature data. 

Control software provided for measuring the value of each signal at the time of 
permanent recording. The time intervals between permanent records varied between 10 
seconds at the time of changes in choke settings to  5 minutes during stable flow or low 
rate of pressure buildup. Permanent records were produced by both real-time printing 
and digital recording on magnetic tape. 

All RDI raw data are  presented in Appendix G. 

9.4.3 Weatherly Engineering, Inc. 

Weatherly provided continuous hand-recording of the following four channels of data: 

Separator Pressure: Separator pressure at the flange tap for the orifice meter 
was recorded on a 24-hour circular chart with a pressure range of 0 to  1500 psi. 

Orifice Meter-Differential Pressure: Orifice meter differential pressure was 
recorded by a second pen on the same 24-hour circular chart for a differential 
pressure range of 0 to  100 inches of water. 

GasTemperature: Gas temperature downstream of the orifice meter was 
recorded by a third pen on t me circular chart with a temperature range of 
0' to 400°F. 

SandDetection: The strip chart recorded on an OIC Sand Systems, Inc., sonic 
sand detector provided a continuous record of sand detector output at all times 
during brine production. 
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Weatherly personnel also provided around-the-clock manual data logging of the  following 
parameters: 

0 Separator pressure from \he circular chart described above, 

0 Orifice differential pressure from the circular chart described above, 

0 Gas temperature downstream from the orifice, 

0 Trends in gas production, calculated manually by multiplying the square root of 
the product of separator pressure and differential pressure by an orifice factor 
characteristic of 0.6 gravity gas at standard temperature and pressure, 

0 Temperature from a thermometer installed between the large choke manifold 
and the separator, 

0 Cumulative brine production from the counter on the brine turbine operating at 
separator pressure, 

0 Calculated brine production rate and gas-to-brine ratio derived from the differ- 
ence in cumulative brine production at successive data logging times and the gas 
production estimate described above, 

Differential pressure across the filters between the separator and the disposal 
well. 

0 

Raw data logged manually by Weatherly is presented in Appendix E. Calculated values 
for gas production, brine production, and gadwater ratio in Appendix J differ from those 
logged manually in the field. This difference is due to  including gas temperature and 
composition in orifice interpvtation and correcting brine flow rate t o  reflect brine 
volume at a temperature of 60 F. 
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10.0 PRE-TEST OPERATIONS 

10.1 Completion and Well Bore Cleaning 

Before the target sand was perforated for testing, the well was allowed to produce about 
80 barrels of salt water through Riddle Oil Company's old perforations, 9750-9754 feet 
and 9760-9764 feet. These perforations were open during all of Eaton's completion 
operations. The well was perforated with 8 holes per foot from 9745 to 9820 feet on 
October 31, 1980. The well was then allowed to produce approximately 250 barrels of 
salt water to allow removal of perforating debris and completion fluids. During this flow 
period the well did not appear to be capable of sustaining production at rates in excess of 
2000 BWPD, and it was decided to perform the initial reservoir pressure drawdown test 
at a flow rate  of 1500 BWPD. 

102 Downhole Sampling of Fluids 

Two bottomhole samples were successfully collected on 11/13/80, using Gearhart Owen 
samplers that  incorporated the modifications developed after the Lear G.M. Koelemay 
well test. During the trip in with each sampler, 5 to 10 barrels of brine were produced to 
ensure fresh formation brine at the sample collection depth of 9743 feet (2 feet above 
the top perforation.) During the first sampler run, gas blew for 23 minutes before the 
annulus brine level reached the wellhead. Drawdown was minimized by producing brine 
at only 5 to 10 gal/min (175 to 350 bbl/day). After brine reached the surface, the 
wellhead pressure was 2200 psi during production and 2300 psi with the well shut in. 

10.3 Preliminary Wellbore Presswe and 
Temperature Recordings 

Static wellbore pressure and temperature readings were obtained by Reservoir Data, Inc. 
on November 14, 1980. 

A Hewlett-Packard quartz crystal pressure gauge and a Gearhart Thermistor-type tool 
were used to measure temperature and pressure at 1000-foot depth increments. A t  each 
depth the temperature was recorded first, because the temperature reading stabilized 
faster than the pressure reading. After recording the temperature, the selector switch 
was turned to the pressure recorder. The pressure value was allowed to stabilize for 
approximately 20 minutes at each depth before a pressure reading was taken, 

Exhibits 10-1 and 10-2 are the measured wellbore pressures and temperatures tabulated 
and graphically plotted as a function of depth. 

The midpoint of the perforations was 9780 feet, and the pressure measuied at this depth 
was 6627.18 psia. There was 
signif isant difference between this temperature and the predicted reservoir temperature 
of 258 F. 

The temperature at the same depth was 300.2 F. 
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The pressure element was then raised to 9580 feet. This position placed the gauge within 
thegrotective tubing string. The pressure calibration temperature was programmed for 
300 F, since this would be the approximate temperature of the fluids at the 
measurement depth during production. c 
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9,780 

Saldana Well  No. 2 

Static Pressure and Temperature Depth Measurements 

Pressure (p$ia) 

2442.91 

2875 . 90 
3312.04 

3746 . 36 
4179.11 

4608 . 62 
5035 . 60 
5460 . 58 
5882.76 

6302.73 

6627.18 

Tempera-xe (OF) 

58.0 

106.9 

129.3 

151.3 

170.9 

197.9 

216.0 

234 . 5 
257 . 2 
279 . 7 
300 . 2 

Data Obtained on November 14, 1980. 
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11.0 TEST SEQmNCE 

The test sequence for the Sa ldah  No. 2 well included isbo preliminary flow periods to 
clean the hole and check the producing ability of the well. A total of 330 barrels of salt 
water was produced during these tests. After these preliminary flow periods, one flow 
test and one buildup test were carried out to evaluate reservoir parameters, produced 
fluids, and flow characteristics. 

11.1 Flow Test 

The reservoir pressure drawdown flow test lasted 6 days, during which 9328 barrels of 
water were produced. The test was initially planned to last only 24 hours; however it 
was decided to continue the flow because of the nature of the data being obtained. 

11.2 Buildup Test 

The flow test was followed by a 3.1-day reservoir pressure buildup test. At the end of 
the buildup test, it was decided that  all desired short-term data had been obtained, and 
testing operations were terminated. 

I 
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120 TEST RESULTS AND ANALYSE 

121 Initial Pressure Drawdown Flow Test 

The downhole datum (95803 pressure just prior to opening the choke on November 16, 
1981 was stable at 6545.13 psia. The surface pressure reading was 2444.19 psia. 

The adjustable production choke was to be opened very slowly to a metered rate of 1500 
BWPD. The recording instruments were programmed for 10-second readouts. The choke 
opening started at 1515:50 hours. The first flow meter recording was 2024 BWPD at 
1516:30 with BHP at 6469.57 psia. The next 10-second reading was 5882 BWPD and 
6235.95 psia. The rate at 1517:40 was 6615 BWPD with BHP of 4905 psia. (See RDI Raw 
Data, Appendix G, Volume 11.) I t  was obvious at this time that the choke opening was 
too large and pressure was dropping too rapidly. The well was flowing faster than the 
resehoir fluid was entering the wellbore. Therefore the readings were of wellbore 
pressure and not of the desired reservoir sandface pressure. It was necessary to  cut this 
flow rate back, if reasonable engineering data was to be obtained. 

I t  required very minor adjustments of the choke and some time to get the rate back to  
about 1500 BWPD. A t  1522t5O the rate was 1647 BWPD, and the datum pressure had 
risen to 5152.31 psia. Exhibit 12-1 is the semilog plot of this early pressure versus the 
logarithm of flow time. After about 1636 minutes (0.0115 days) on flow, the rate was 
relatively constant, and the straight-line radial flow decline was apparent at a slope of 
about 80 psi per cycle. The peak flow rate thereafter was 1614 BWPD, with a gradual 
decrease to 1592 BWPD during the next 30 minutes or to 0.032 days on the graphical 

1 
The question arose whether to r t  the test, allow the pressure to  build back to original 
pressure, and then restart the drawdown test. This discussion resulted from the extreme 
drop in wellbore pressure recorded in this early portion of the test. Once the choke 
opening size was known for the 1500 BWPD rate, the test could have been restarted t o  
eliminate the undesired early wellbore flowing pressure. The st was continued, 
however, leaving this as an example to e presented for discussion. ~ 

I 
The slope change at 0.019 days to 160 i per cycle, a 2-to-1 change, supported the first 
permeability barrier. This was a good example of what happens when the choke is 
opened too fast, and the well flows faster than the reservoir. There were sufficient data 
to project straight line radial flow conditions that would allow, proper calculation of 
productivity and skin effect. A short-time buildup test could be run at the end of the 

et of the well flowing data needed for reservoir 
lowing Pressure;" "Wellhead Flowing 

Flowing Temperature," and ItBarrels of Fluid per Day." They are 
computer-plotted every 10 seconds during the first 2 hours of the flow period and every 
minute for the remainder of the flow test. They are sampled at the same time intervals 
and tape recorded, giving the reser engineer the total ctive production history 
for the well and reservoir. 

plot. 
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Exhibit 12-2 is the same graphical plot of da a deoi ?d in Exhibit 12-1. Th, drawdown 
slopes used for engineering analyses are depicted: The bottom-hole pressure scale and 
time are the only labels used on this graph. The scale bf .the pressure plot is selected for 
interpretation and does not show the original pressure of 6545.13 psia. The rapid decline 
in pressure from 6545 to 5700 p$i not depicted. 

The initial slope chosen was 80 psi per log cycle between 0.01 and 0.019 days (14.4 and 
27.4 minutes). This initial slope allows a calculation of 985.26 md.-ft. as the 
productivity of the reservoir t o  the produced brine. This is detailed on a data form, 
Exhibit 12-7. 

The estimated net sand from electric logs was about 79 feet, which would give a 
permeability of 12.47 mds. The skin factor was +7.47 and, when converted to true value, 
would account for a 520-psi pressure loss caused by the skin factor and/or partial 
penetration. The permeability determined gave a hydraulic diffusivity of 319,882 square 
feet  per day. The productivity index (P.1.) was 1.5132 bbls per day per psi, and the 
completion efficiency was 46 percent. The viscosity of 0.310 cps used in this calculation 
was laboratory-measured by Weatherly Laboratories on recombined reservoir fluid 
samples from the well. 

121.1 F i i  Drawdown Slope 

The first change in drawdown slope was depicted at 0.019 days or a distance of 156 feet 
from the wellbore. This slope change was by a factor of 2 or si per cycle. This 
supports the calculation that the first slope is 80 psi per cycl change to  160 psi 
per cycle represents the first permeability barrier. 

The pre-choke flow meter recorded uncorrected flow rates o een 1603 and 1581 
barrels of reservoir fluid per day (BFPD). This converts t o  an 
barrels of brine per day. 

The volume of aquifer explored to 0.019 days was estimate drawdown slope 
and the V' function as 225,000 barrels of reservoir brine. The barrels of brine in place 
can also be estimated using a porosity of 20.3 percent. This is an average value taken 
from analysis of 17 sidewall cores. The formation volume factor of 1.0731 for the brine 
and its originally dissolved gases was obtained from Weatherly Laboratories' PVT study 
of the recombined reservoir fluid. These factors give 1467.6 standard barrels of brine per 
acre-foot. The radial distance of 156 feet  supports a total of 1.76 acres, and, using 79 
net feet  of pay, would allow a total volumetric calculation of 204,000 barrels of brine. 
This is approximately the same order of magnitude as the 225,000 barrels calculated 

.033 days (27.4 t o  47.5 minutes). 
The metered rate of production was between 1586 and 1581 BFPD, an average of 1447.2 
standard barrels of brine per day. The drawdown slope of 160 psi per cycle occurs after 
the first permeability barrier or possible sealing fault. The flow angle is reduced t o  180 
degrees radially around the wellbore. The barrier occurs at a radial distance of 156 f e e t  
from the well bore. 
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(The distance explored to 0.033 days is 205 feet). This radial distance would support 3.03 
acres, but the permeability barrier cuts this value h half, or to  1.52 acres. This would 
give a volumetric value of 176,000 barrels of brine. The slope of 160 psi per cycle 
depicts 194,000 barrels of brine at 0.033 days. 

1213 Third Drawdown 

The third change in drawdown slope occurs between 0.033 and 0.055 days and depicts an 
increase to 260 psi per cycle. This would reduce the flow angle around the well to 111 
degrees with this additional permeability barrier. The distance explored at 0.055 days is 
265 feet. This puts the closure to flow close to the well. The slope of the drawdown 
supports an explored volume of brine of 197,000 -barrels. This additional reduction in 
flow angle or area supports about 1.56 acres or about 181,000 barrels. Note the pore 
volume calculations are slightly less than those calculated from the drawdown slope. An 
increase in porosity from 20.3 percent t o  22.09 percent would give equivalent 
values. 

121 Fourth Drawdown Slope 

he fourth change in drawdown slope occurred between 0.055 and 0.140 days, with a 
slope of 145 psi per cycle. Two conditions were responsible for this decrease in 
drawdown slope. One was a change in metered flow rate from 1570 to  1455 BFPD. The 
second was improved productivity in the reservoir. This improved productivity was in 
the W value. The probable major effect would be in the net s )(I or increase in net 
pay. The explored water seen at 0.14 days was 867,000 barrels. 

121.5 Choke Adjustment 

The slow decrease in producing rate was very recognizable recorded flow meter 
and plotted data. After about 3 hours and 50 minutes on flow, the metered flow rate had 
dropped to about 1450 barrels of fluid per day. I t  was obvious that  t o  maintain a rate at 
or above 1500 BFPD the size of the flow choke would have to be continuously increased. 
The choke was adjusted to a higher flow rate at 1907 hours (0.140 days on flow) to a rate 
of 1630 BFPD. Exhibit 12-2 has this time on the graph designated by the letter "A*'. The 
distinct increase in rate is seen on the flow plot. The surface and bottom-hole pressure 

a quick drop in pressure and the sharp rise caused by the reservoir flow 
up with the sud e in the well flow rate at the opening of the 

r the adjusted flow rate t o  become stabilized at the sandface. 
Therefore no additional interpretation was attempted until about 0.28 days, or until after 

The fifth drawdown interpretive slope change occurred between 0.28 and 0.60 days. This 
was caused by additional restrictions in area flow parameters. The increased flow rate 
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etween 1608 and 1537 BFP is a part of the increase, with restricted flow area 
comprising fhe majority of the change. The explored volume of water at the end of this 
slope, or at 0.60 days, is 1.418 illion barrels. The maximum radial distance explored is 
876 feet. 

12.1.7 S i  Drawdown Slope 

The next drawdown slope change occurred between 0.60 and 1.40 days, and an additional 
decrease in production rate was observed. This rate dropped from 1537 to 1500 BFPD. 
The radial distance tested to 1.4 days was 1338 feet. The volume of fluid explored, to 
this time, was 4.855 million barrels of brine. 

12.1.8 Pressure Anomaly 

An anomaly in pressure and rate of production increase occurred at about 1.384 days. 
This is labeled as point l1Bt1 on Exhibit 12-2. This anomaly occurred without a change in 
the production choke. Note the difference depicted between point ltB1l and point tlA,ll 
where the choke was opened for additional production. This was interpreted as a plugged 
perforation that suddenly unplugged allowing flow to occur from an untapped sand zone, 
possibly an unproduced sand lense within the original perforated interval. This caused a 
rise in production rate from about 1477 BFPD to a peak of just under 1600 BFPD. The 
datum- flowing pressure rose from 5025 psia to as high as 5123 psia as a direct result. 

This additional sand flow furnished the majority of production at this time, which in turn 
reduced the rate of the previous intervals being produced and allowed an increase in 
pressure around the wellbore in these zones. The pressure and production equalized in 
about 20 hours, and a new drawdown slope of about 395 psi per cycle occurred between 
2.2 and 4.9 days. A slight trace of sand :was seen on the sand indicator at the time the 
%ottorns-uptt was expected at the surface from this anomaly. 

The drawdown slope of 395 psi per cycle gave an explored brine volume of 5.126 million 
barrels at 2.2 days and 11.417 million barrels at 4.9 days. The radial distances explored 
were 1678 and 2504 f e e t  respectively. 

I 

121.9 FiiDrawdownRate , 

To evaluate the maximum flow capabilities of the well and reservoir, a flow rate of 
between 2500 and 3000 barrels per day of metered fluid was planned. This would allow 
the surface flowing pressure to remain above the 400 psia needed for disposal of the 
produced fluids. Computer-plotted production and pressure meter readouts were 
changed from 5-minute to 10-second recordings to insure control of data during rate 
change. The production choke was opened very slowly to a maximum rate of 3452.3 
BFPD at 1309:lO hours. The bottom-hole pressure dropped from 4985 psia to 4568 psia 
during this opening period. The surface pressure droppeg from 1869 psia.to 859 psia. 
The flowing wellhead temperature increased from 189 to  192 F and continued to 
increase with time. This period of change is designated by the letter trCtl on Exhibit 12- * L. 
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The production choke was regularly opened in an attempt to maintain this higher rate. 
. When surface pressure diminished to 500 psia, the choke was completely opened, and the 
rate was regulated by maintaining a separator pressure between 500 and 424 psia. The 
final metered rate dropped to +bout 2500 BFPD, or about 1899 standard barrels of brine 
per day, prior to being shut in at the end of 6 total days on flow. The final explored 
volume of aquifer was 18.01 million barrels with a maximum explored distarice of 2768 
feet. This is a reservoir volume of about 12,272 acre feet. If we assume a net pay 
average of 79 feet, this would require 155.3 acres of productive area. A radial explored 
distance of 2768 feet, 79 feet  of net sand, and 155.3 acres of productive area would 
require a restricted angle of flow of approximately 101,2 degrees. This is approximately 
the same restricted flow angle that was detected after the second barrier, This would 
suggest that all permeability barriers were seen during the first 80 minutes of the flow 
period. The other slope changes were mostly reservoir heterogeneities and production 
rate variations. 

122 Graphid Analysis of Explored Reservoir Volume 

Exhibit 12-3 is a log-log plot of the Jones V1 drawdown and the explored volume of 
brine versus the logarithm of time. The fluid pressure drawdown, at the sandface of 
the reservoir, is directly proportional to the volume of reservoir explored to  that 
particular time. This drawdown is referred to in psi per day per reservoir barrel of fluid 
produced. The data obtained should plot a U-degree straight line, as long as transient 
flow exists. The shift to the right or left will occur when permeability barriers are  
reached or change in reservoir fluid viscosity is detected. This nYcl function becomes 
constant when steady state flow occurs. A steady state condition occurs when all 
productive limits of the reservoir have been reached. The IIYrr function, or drawdown, is 
plotted from the log scale on t h  

The right side of the graph has lume of fluid in standard barrels 
explored as a function of time. The water explored becomes a 45-degree line plot that is 
perpendicular to the Vr plot. When steady state flow occurs, sY1r becomes a constant 
value, and the total volume of llWtt is constant. I t  is this condition that depicts the total 
reservoir volume. These plots are one of the more positive methods of determining 

ther total reservoir limits have been 

t. The value of 
buildup tests as a reservoir tool is limited. Exhibit No. 12-4 is the three-day pressure 
buildup plot tha t  followed the six days of continuous flow. On this graph the slope of 258 
psi per cycle occurs between 0.08 and 0.5 days. There is also a siight increase in slope 
starting at 0.5 days thru 3.0 days. The in slope from 258 to 280 psi per cycle is 
by a factor of 1.085 or about 8.5 percent. 

The drawdown slope of 260 psi per cycle between 0.60 and 1.40 days is probably the only 
slope correlation between the two types of plot. Anything after 1.5 days of shut-in time 
could be considered to be within the area of time effect of a short flow period. 
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AQUIFER EXPLORED 
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The total flow time for the well was 5.9987 days, and the final buildup pressure was read 
at 6308.58 psia after 3.0875 days of shut-in time. This graph, Exhibit 12-5, plots the 
pseudo-time of total flow time plus shut-in time divided by shut-in time. The first slope 
was 272 psi per cycle with an intercept of the second slope of 436 psi per cycle at a 
pseudo-time of about 4.8 days. The pseudo-time of 4.8 is equivalent to about 1.58 days 
of real shut-in time. The extrapolation of the Horner plot t o  a pseudo log time of one 
gave a buildup pressure of 6512 psia. This is only about 33 psi below the original 

pressure was 
measured, the value of this time graph for extrapolation to  an expected original pressure 
has little value. The original reason for developing this type of graphical plot was an 
attempt to gain a reasonable original reservoir pressure when it was not available by 
measurement. 

i 

1 
I 

I measured pressure of about 6545 psia. Since the original reservoir 

125 

Certain measured and calculated data are given below to  recap the above discussion. 
Exhibit No. 12-6 is a graphical plot of the total well test, depicting wellhead flowing 
pressure, bottom-hole flowing pressure, wellhead flowing temperature, and barrels of 
reservoir fluid produced per day plotted versus time in days. Exhibits 7a, 7b, and 7c are 
the calculation data sheets for the reservoir drawdown test. 

SUmmarY of Reservoir EnffineerinR Data 

0 Production Test Start : 1730:50 on 11-16-80 

e Well Shut in : 1514:OO on 11-22-80 

e 

e 

Initial Reservoir Pressure : 6627.18 psia measured at 9780 f t ,  

Reservoir Temoerature : 300.2'F measured at 9780 ft, 

e Initial Surface Pressure : 2442.91 psia measured in lubricator. 

e Porosity : 16 percent estimated from log data, 20.3 percent average of 17 
sidewall cores. 

PVT Data by Weatherly Laboratories: e 

Cw = 3.54 x 

Bw = 1.0731 Vol/Vol. @ 6633 psia, 300°F, and saturated with 42.3 ft3 of dry gas. 

Vol/Vol. per psi saturated @ 300'F and 6633 psia. 

Viscosity of Reservoir Fluid : 0.310 cps @ 6633 psia, 3000F, and saturated with 
42.3 f t 3  of dry gas. 
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0 Calculated Reservoir Data: 

kh = 985.26 md.-ft. 

k = 12.47 mds., using 79 feet  of net effective pay. 

S - +7.47 skin and/or partial penetration 

AP(skin) = 520 psi 

P.I. 

Completion Efficiency 

Maximum Volume of Water Explored : 18.01 million bbls. 

Maximum Area Explored : 155.3 acres 

Maximum Radial Distance Explored : 2768 feet. 

= 1.5132 Bbls per day per psi 
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RESERVOIR LIMIT TEST 
(J. M I U  k, P.E.) 
REZESERVOIR DIUWDOWN TEST 

FOR 

GEoTimMAL-GEoPREsm WELL 

Test date: 16-21 N~ v. 1980 
Producing Formation: F i r s t  Hinuant (Uvper Wilcox) Sand 

Bole size: Casing Size: 7” Tubing Size: 2-3/8’@ State: Texas 

Cumulative Production:- B bls  w Gas  Gravity: -8024 2: 
Constant Rate P r o d u c t i o n : ~ 7 - 2  (bbls/day) Water S a 1 i n i t y : U o  PPM Total Solids 
Total Production Life:& days Porosity, 4: .203 Gasiiater Ratio: 44.5 ft3/bbl 

f t  Reservoir Temperature: 700 OF N e t  Pay: 279 

pg- 
% 3.92 Xlo Cg - XIOa Cw 3.54 n o 4  1.5 

m 80 psi/cycle P at 1 hour: 5582 Sg I Sw 1.00 P i  6627.18 p i a  @978O1 

Type Test: Drawdown Lease and Well No. Saldana No. 2 

Field: Martinez (Zapata County) 

f t .  Perforations: 9745 -9820 

cpS ~WO.310 Cps BW 1,0731 R.B./B. Bg - R.B./MCF 
X104 

- 6 -  

I. Calculation of kh (md-ft) and k (md): 
kh 162.6 (Q)(B)(p)/(m) 

Pf 4238.36 psia 

P i  6545 p s i a  @9580’ 

md-ft kh 162.6 (1457.2 ) ( 1.0731 ) ( 0.310) / ( 80 ) I 985.26 

k ( 985.26 md-ft / ( 79 )ft = 12.47 mds 

111. Calculation of Skin Effect, 8 ,  and Pressure Loss Due t o  Skin, AP skin 

1.151 [cpi - I ” ’ )  - log (,-) K + 3.231 m t w  

520 p s i  AP skin - (0.87)( 7.47 80 1 - 
IV. Diffusivity, n 

n = .006328 ( 12.47 1 7 (0.203)(0.310)(3.92 110‘~ = 319,882 ft2/day 
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RESERVOIR LIMIT TEST 

(J. DONALD CLARK, P.E.) 
RESERVOIR DFUWDOWN TEST (CONT'D) 

Test  Date: 16-21 Nov. 1980 

Calculat ion of Product ivi ty  Index (B/D-ps i )  and Completion Eff ic iency,  CE 

Type Test:Drawdown Lease and Well No.Saldana No. 2 

J (actual) = = ( (1457*2 = -32  bblslD-psi  
6545 - 5582 pi - . 

Qv P (14 7. 1 = 3.2894 bbls/D-psi (Pi - Pf) -bp sk in  (6545 -'55:2 )-(520 ) 

D 4600 
J (ac tua l )  (1.5132 E 

J ( idea l )  (3.2894 9 
CE 

Distance -to Barriers or Discont inui t ies ,  d d = 2  fi 
d = 2/( 319,882 1 x t/T-= ( 1131 

FIow Jones Y 
time, days d ,  f t .  (psijcycle) Angle Function 

Or 46 x 

Bbls of  Aquifer 
Explored o r  Tested 

.019 m8' 156 80 - 360° 1.17071 i. 

,033 a 7  205 160 J80° L35741 

_ . 0 5 5 a 4 5 2 a s  260 - 111' 1,33958 . 140 ,3742 423 145 0.303578 

60 .7746 876 395 0.1856054 

1.40 1.1832 1338 260 Prosuctrvr ty  0.542189 

4.9 2.2136 2504 395 Anomaly 0.0230577 

Choke 

In reased 

After  

0.225 X lo6 

9.194 X lo6 
0.197 X lo6 
0,867 X lo6 
1.418 X lo6 
4,855 x lo6 

11.417 X lo6  
6 5.9889 1,4472 2768 414* Rate 0.0146165 18.010 X 10 

*Calculated s lope using data  between 5.1972 and 5.9889 days of flow period. 
Rates f o r P  funct ion corrected f o r  each ca lcu la t ion  above. 

Y = ~80~~(2.3~(1.0731~~1457.2~~0.019) = 1.17071 p s i  per  day per reservoi r  barrel .  

W = (  0731)(3.54 X 1 ,857 Bbls of aqui fe r  explored 

(7758 

(156) 0 )  = 1.76 acres 

.0731) = 1467.6 Bbls of water pe r  acre-foot 

. (1.76 Acresj(79 ftI(1467.6 B b l / A r f t )  = 204,055 Bbls. 

. .. . .  

Eaton Industries of Houston, Inc. - EXHIBIT 12-7b 
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FESERVOIR LIMIT TEST (Continued) 

Saldana No. 2 Well 
1 '  

Cum. Flow 
Time, Days 

0.010 

0.019 

0.019 

0.033 

0.033 

0.055 

0.056 

0.140 

Slope, rn 
psi/ cycle 

80 

80 

160 

160 

260 

260 

145 

145 

Production Drawdown T e s t  Dcta 

Y 
RDI Meter Corrected dp/dt 
BFPD STBWPD QwBw 

1603 2.22435 

1586 1457.2 1.17071 

1586 2.35760 

1581 1447.2 1.35741 

1581 2.23263 

1548 1429.8 1.33958 

15 70 0.75894 

1455 1382.3 0.303578 

Aquifer Explored, 
Million Barrels 

0.118 

0.225 

0.112 

0.194 

0.118 

0.197 

0.347 

0.867 

Choke Adjustment 

0.28 395 1608 0.397726 0.662 

0.60 395 1537 1437.1 0.1856054 1.418 

0.60 260 1537 0.1265107 2.081 

1.40 260 1500 1387.8 0.0542189 4.855 

Anomaly 
1 

2.2 395 1580 0.0513558 5.126 

4.9 39 5 1520 1416.5 0.0230577 11.417 

Increased Production Rate 

5.b972 414* 2616.92 1987.3 0.0162405 16.209 

5 .;9889 414* 2523.37 1916.2 0.0146165 18.010 

*ialculated slope for  f i n a l  19 hours on flow test: 

I 

4.262.98 psia @ 20:00:00, 11/21/80 Log of 5.197222 days * 0.7157712868 

4237.49 psia @ 15:00:00, 11/22/80 Log of 5.988889 Days 0.7773862555 

25.49 p s i  in 19 hours 0.0615749687 

(25.49 psi)/(0.0615749687) = 414 psi per  log cycle. 
I ' Qw-RDI Meter = 2523.37 BFPD average of 10 readings @ 15:OO on 11/22/80 

2616.92 BFPD average of 10 readings @ 20:OO op 11/21/80 , Qw-RDI Meter 

Conversion factor t o  standard barrels: 0.7594. 
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Details of field data, sample collection, sample analysis, and data interpretation 
concerning produced fluids are presented In the following subsections, The order of 
presentation of specific topics has been chosen to provide an orderly development of the 
results obtained. Discussions of the test sequence and real-time test data obtained 
provide background for the discussion of hydrocarbon production. Conclusions regarding 
hydrocarbon chemistry are then reflected in the calculation of gas production rates as 
well as the ratio of produced gas to produced brine. Details of brine chemistry are then 
presented as background for the next section, "Solids Production, Scaling, and 
Corrosion," 

Quantities and Properties of Produced Fluids 

The following chronological summary provides an overview of test activities most. 
relevant to interpretation of well performance in terms of quantities and properties of 
produced fluids. Prior to the beginning of the test, the well had produced about 850 
barrels of reservoir fluids. This estimate allows for production of 500 barrels by the 
original operator, 80 barrels while displacing mud with 9-ppg brine, 250 barrels during 
cleanup after perforating, and 20 barrels during bottom-hole sampling. 

e 11/15/80 0600-2400 hours: The temperature and pressure gradients inside the 
tubing were measured by RDL 

0 11/16/80 1516 hours= Opening of the choke for the first flow rate began. After 
2 minutes, the flow rate was about 6600 bbl/day, which was much greater than 
desired. The choke opening was then reduced. A third choke adjustment was 
made starting at about 1523 hours (7 minutes after first start of flow). A final 
adjustment at 1908 hours provided the desired brine production rate of about 
1500 bbl/day. 

for laboratory recombination and dif 

11/21/80 1249-1253 hours: The choke opening was adjusted in steps to increase 
the brine production rate from about 1500 to about 2400 bbl/day. 

11/22/80 1514 h o k :  The ut in for r&ording-pre buildup. 

e 11/20/80 10304330 gas and brine collected 
ration studies. 

a 

0 1720 hours: Real-time da 

e Samples of sc were collected 
with disassembling the surface test equipment. 

orded and manually-logged real t ime 
data is substantially lower for this test than for the two previous well tests by the Eaton 
team. The reason for this is very bad weather which occurred during the 7 days of 
production testing. 
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Both preparation of the location and preparation for field work by individuals anticipated 
reasonably normal weather conditions at the location during November. However, an 
unusual winter cold front stalled in the vicinity of the test for a full week. 
Temperatures were in the 30% and 40b, wind velocities were consistently high, and 
precipitation was continuous and very heavy at times. Total precipitation for the week 
of testing alone was near the normal annual precipitation of about 7 inches. These 
weather conditions, plus the resulting mud, took a toll both in terms of electrical 
malfunctions and in terms of timely and accurate manual logging of data. Fortunately, 
the program contains sufficient redundancy in data collection for careful evaluation of 
all real-time data to provide accurate description of fluid production. Such description 
required several actions which had not been performed on data from previous well tests. 
The most significant of these actions were the following: 

0 Manual digitizing of Weatherly temperature, annulus pressure, and brine produc- 
tion data, to facilitate computer plotting as a step in data evaluation 

0 Development of the hardware and software required for manipulation of RDI 
data collected with a Hewlett-Packard 9825 computer, using IGT's Hewlett- 
Packard 85 computers 

Developing software for calculating single-phase separator brine rate from two- 
phase wellhead turbine data 

Developing software for integration of RDI data into the format required by IGT 
computational procedures and for calculating weighted moving averages of 
digital data. 

The most difficult of these was transcription of RDI data into a form usable by IGT. 
Hewlett-Packard models 9825 and 85 computers have differences in language and 

*operational characteristics such that  it is impossible for one to read data recorded on 
magnetic tape by the other. However, both can communicate with the Hewlett-Packard 
model 9875A cartridge tape unit. RDI's cooperation in providing the computer 
statements used to record its data on magnetic tape made it possible for IGT to read the 
serial data on those tapes into the cartridge tape unit using a borrowed HP 98258 
computer. After transcribing the serial data from this intermediate tape to tape 
generated by the HP 85 computer, two HP 85 computers were linked to convert RDI's 
serial data format into the random access data format required by IGT processing. 

0 

0 

Once the RDI data were in the random access form required, additional software 
development for data manipulation was required to perform the following actions: 

0 Place the data files in proper chronological iequence. Blocks of data of 
durations up to several hours were out of sequence in the data tape provided to 
IGT. 

0 Remove redundant data files. 

0 Interpolate data to provide estimated values where data files corresponding to 
the precise 1/2-hour intervals employed in IGT's interpretation were missing. 
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e Integrate the brine production rates recorded on each RDI file and then calculate 
average brine production rates for each 1/2-hour time increment. 

e Calculate the average RDI wellhead pressure for each 1/2-hour time increment 
for use in the procedure developed for estimating separator brine rate from two- 
phase wellhead turbine rate data. 

Use of these computational tools, judgments rendered in the minimal manual data editing 
performed, and the resulting data set, believed truly representative of well performance, 
are described under subheadings which follow. 

A complete listing of data used for interpretation (edited as discussed in subsequent 
subsections) is provided as Appendix F. 

12.6.2.1 production Well Pressures: Producing annulus pressure was electron- 
ically recorded by both RDI and IGT. In addition, dead weight measurements of that 
pressure were periodically performed by Weatherly Engineering. Prior to the start  of 
production, all three measurements were in excellent agreement. However, substantial 
departures were observed, beginning about 24 hours after onset of production. Exhibit 
12-8 portrays annulus pressure data recorded by all three parties for the 48 hours of 
November 17 and 18. The pressure excursions in IGT and Weatherly data are believed to 
have been caused by the plugging of the 1/8-inch stainless steel tubing between the 
producing annulus and the pressure sensors, possibly by hydrate formation. 

All three pressure measurements were made from the same path into the wellhead 
annulus. Beyond that point, the RDI Panex gauge was connected with about 2 f e e t  of 
5116-inch stainless steel W i g .  The tubing and gauge were close enough to the wellhead 
to be warmed by flowing brine. In contrast, both IGT's pressure transmitter and the 
Weatherly-operated deadweight tester were connected to the tap by more than 10 feet  
of 1/8-inch stainless steel tubing. A substantial portion of that tubing was sufficiently 
distant from the producing weilhead to be at local ambient temperature. None of the 
gauge lines had been prefilled with fluid prior to the start  of testing. Thus, initial 
pressurizing of these lines was with the brine and gas present in the wellhead. 

The possible role of hydrates in plugging a length of small stainless steel tubing was 
identified during data interpretation. Factors contributing to that  hypothesis are the 

Hydrates were unequivocally identified during the subsequent test of the HO&M 
Prairie Canal Co., Inc., Wel l  No. 1 

At a p r e p r e  of 1000 psi, pure methane forms hydrates in water at temperatures 
up to 48 F. Formation at even higher temperatures occurs with true natural 
gaies. 

The pressure increases recorded near mid-day are hypothesized to be the result 
of daytime warming. This is supported by temperature recorded at the disposal 
well. Injection into that well was first initiated after 1500 hours on November 
17. Wellhead temperature recorded prior to that time is believed representative 
of ambient temperature as discussed in Sectiono 12.6.2.2. Recorded disposal 
wellhead temperature reached a minimum of 43.8 F at 0720 hours on 11/17/80. 
A t  the s tar t  of the increase in Weatherly and IGT annulus pressure data, at about 
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1045 hours on 11/17/80, recorded disposal wellhead temperature had increased to 
58. 1°F. 

The real time data believed representative of production well pressures throughout the 
production test are shown in Exhibit 12-9. Bottomhole and annulus pressures are data 
recorded by RDI. Tubing pressure was recorded by IGT. All data points are shown in this 
exhibit. None of these data points were manually edited. 

The departure between tubing and annulus pressure during the first 12 hours of 
production is believed caused by decreased density of the fluid column in the annulus as a 
result of gas production. The subsequent slow increase in tubing pressure, relative to 
annulus pressure, reflects development of a gas head in the shut-in tubing due to small 
bubbles of gas entering the bottom of the tubing. The decrease in tubing pressure at 
mid-day on 11/19/80 is the result of a small, short-duration lubricator leak. 

1262.2 TemperatureData= All recorded temperature data are presented in 
Exhibit 12-10. About two dozen of the roughly 2000 IGT data points for each curve have 
been manually edited to remove grossly erroneous values resulting from electrical 
shorting. In addition, IGTs separator temperature data were manually edited during 
three different time intervals to provide a more realistic estimate of true well 
performance. Two of these intervals were 0810 to 0840 hours on 11/19/80 and 2255 to 
2325 hours on 11/19/80. The reason is that brine flow to  the flare line (separator upset) 
provided higher values than would have occurred in the absence of the separator upset. 
The third interval was when massive brine production through the flare line occurred as a 
result of control air failure during the time interval of 1225 to 1245 on 11/21/80. No 
editing of either RDI or Weatherly Data has been performed. 

The RDI temperature spike before start of testing on 11/16/80 is consistent with RDPs 
printed real-time recording. The departure between gas temperature measurements by 
Weatherly and IGT before 1400 hours on 11/17/80 is not understood. However, since IGT 
and Weatherly data are in agreement after the first change of charts by Weatherly, 
values recorded by IGT have been used for data interpretation. 

The discrepancy between wellhead brine temperature recorded by IGT and data manifold 
brine temperature recorded by Weatherly has been consistent on all three tests jointly 
instrumented. IGT's temperatures are  low due to air cooling of the IGT temperature 
well, which .was mounted on a tee outside the flowing brine stream. Because the 
difference is small, IGT values have been used, without correction, to  calculate brine 
volumes and thermal energy production. 

The close agreement between disposal wellhead temperature during times of brine 
disposal and gas temperature downstream from the orifice meter is coincidental. The 
disposal well brine was cooled by residence time in an open 200-barrel tank on the 
production well location, plus additional cooling while moving through the 1/2-mile 
surface line between the injection pump and the disposal wellhead. In contrast, the gas 
experienced air-cooling in approximately 15 feet of 2-inch line between the separator 
vessel and the point of temperature measurement. The fact  that the two recorded data 
channels are truly independent is *apparent from the low values of disposal wellhead 
temperature before start of injection on 11/17/81 and by the disposal wellhead tooling 
during interruptions of injection between noon on 11/18/80 and noon of 11/19/80. The 
minimum temperatures of the disposal wellhead and the gas through the orifice meter 
correlate well with intensity of rainfall. 

DOE CONTRACT NO. 
DE-AC08-80ET-2708 1 

Eaton Industries of Houston, Inc. 
Eaton Operating Co., Inc. 

12-21 
3104,Edloe. Houston, Texas 77027 



b 

L 

w 

I- 
I- 
0 m 

PRODUCTION WELT., PRESSURES 

EXHIBIT 12-9 r 12-22 



b 
I 

Lv I 

SALDANA 
lAPATA 
TEXAS 

1 
i; RIDDLE - ZLL NO. 

L a l N I L  
1980 L L L 

I 

hd 

j: 
I '  
b d  

t '  
LI 

n 

w 

c 

It 
. -  

c 
c 

I 

WED, 
11/10 

THU 
11/20 

FR I 
11/21 

SAT 
11/22 

TU€ 
11/18 

RECORDED TEMPERATURE DATA 

12-23 

t EXHIBIT 12-10 



1 2 6 3  Brine Production Rate: All recorded data on brine production are shown 
graphically in Exhibit 12-11. The top pair of overlying data sets is for the two-phase 
flow through the wellhead turbine. The bottom pair of data sets is for the  separator 
brine turbine. In each case, the data displayed in uniform 1/2-hour time intervals were 
electronically recorded. The data sets with periodic longer time steps are the result of 
manual data logging. Data manipulation prior to drawing this figure was as follows: 

0 RDI Production Wellhead T u r b h  The raw data tape copy provided to  IGT by 
RDI was processed to produce random access files readable by the HP 85 
computer, as previously discussed, RDI's recorded brine rate data were then 
integrated by multiplying each rate by elapsed time since the previous 
permanent record, and then summing these products in chronological sequence. 
The average production rate for each 112-hour interval was then deduced from 
this calculated cumulative production as a function of time. 

IGT Manual Logging of Production WelJhead Turbine Data= Each manually logged 
data point represented cumulative production to the nearest barrel at a specific 
time. Values plotted are the result of dividing the difference in cumulative 
production at successive times by the elasped time since the prior logging of 
data, 

Q 

0 IGT -ding of Separator Brine Rate: IGT's electronic brine production data 
consisted of recording the cumulative number of brine turbine output pulses as a 
function of time. Computer software was then used to multiply this by the 
meter factor and calculate average brine production rates for successive 1/2- 
hour intervals. The gaps in the data reflect intervals of data loss due to 
electrical shorts or other malfunctions. In addition, IGT measurements prior to 
2000 hours on 11/17/80 are erroneously high due to electronic noise pulses. This 
electronic noise was eliminated by g&un&g of cable shields at 1930 hours on 
11/17/80. 

0 Weatherly Separator Brine Data= Weatherly's manually logged cumulative brine 
production data were manually digitized and processed in the same manner as 
previuusly described for production wellhead data manually logged by IGT. 

For each turbine, comparison of rates from electronically recorded data with rates from 
manually logged data clearly revealed the advantage of successful electronic data 
collection for providing a smooth description of actual well performance. This makes 
use of such data for determination of produced gas to brine ratio very desirable. 
However, IGT successfully achieved reliable electronic data recording during only about 
three quarters of the elasped time during the total test. Therefore, development of a 
means t o  estimate separator brine production rate from RDI's impressively consistent 
recording of two-phase wellhead turbine rate was undertaken. 

The high degree of success achieved in calculating separator brine rate from two-phase 
production wellhead turbine data is illustrated in Exhibit 12-12. In this exhibit, the rates 
deduced from RDI and IGT electronic recording of the two turbines are presented in 
exactly the same manner as in the previous exhibit. In addition, a continuous curve of 
separator brine rates on 1/2-hour time intervals, calculated from the RDI data, is shown. 
W i t h  the exceptions of the time prior to 1930 hours on 11/17/80, the 3-hour time interval 
before the rate increase on 11/21/80, and the times of separator upsets characterized by 
brine production through the flare line, discrepancies between calculated and measured 
separator brine rates are much less than the scatter in brine rates calculated from 
manually logged data and portrayed in Exhibit 12-11. 
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Note: This Exhibit is  a comparison of brine rates calculated from two-phase 
turbine data with electronically recorded rates from the separator 
turbine. (See also Exhibit 12-11). 
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The procedure for successfully calculating separator brine rate from the rate of two- 
phase flow through the wellhead brine turbine started with the following equation: 

where - 
= wellhead turbine rate, bbllday 

= separator turbine rate, bbl/day 

= flare line gas rate, SCF/day 

GWRw = gadwater ratio in brine leavihg the separator, SCF/bbl 

GWR = gas/water ratio for gas in solution at wellhead temperature and 
pressure, SCF/bbl 

pressure in the wellhead turbine, psia 

temperature in the wellhead turbine, O F  

Qw 

QS 

Qg 

S 

= 

= 
W 

W 

P 

T 

This equation simply states that the volume through the wellhead turbine should equal 
the volume of brine through the separator turbine plus the volume occupied by free gas 
at wellhead turbine tkmperature and pressure. If no free gas is present in the turbine, 
that is, if - 

Q 
(2 + GWRS - GWR W 1 rO (Eq. 2) 

QS 

This starting point for calculating separator brine rate d ffect  of 
temperature upon brine volume, because data fromgrevious tests reveal that  the brine 
temperature drop between the turbines is less than 5 F. 

Solving Equation 1 was a 
gas production and gas-to-water ratio.' 'For each 1/2-hour time interval, Q is the gas 
rate to the flare line from orifice meter data interpretation. ' Values forgCWR, and 
GWRw for each 1/2-hour time interval a re  calculated using the algorithm developed by 
S. K. Garg, of Systems Science and Software (Ref. 10) to duplicate methane solubility 
data of Culberson and McKetta  (Ref. 6). Selection of this algorithm resulted from 
comparison with brine flash data from the WOO test of the Po R. Girouard Well No. 1 
(Ref. 9). 

ication to  IGT's SO 
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Solving Equation 1 with this 
gas in the wellhead turbine 

procedure and the boundary condition on existence of free 
did not provide an adequate fit with recorded separator 

turbine data. Therefore, the solution of Equation 1 for  Qs was modified by adding two 
empirical constants as follows: 

( T w  + 460) 

&, AQ, - 5.045 X 10°3B 
Qs = pW 

( T w  + 460) 
. 1 + 5.045 X loo3 B -7 (GWR -GWR ) 

S W W 

(Eq. 3) 

where A and B are empirical constants. (Other parameters were d e f i e d  previously.) The 
physical reasoning behind the selection of these particular constants is as follows: 

''A1' represents the calibration discrepancy between outputs of the two turbines under 
conditions of identical fluid flow. 

l'B'l is a multiplicative departure from calculated gas volume in the wellhead turbine. It 
is expected to be less than 1 due to effects such as residence time required for gas to 
come out of solution or decreased mole fraction of C02 in the gaseous phase at wellhead 
pressure. 

Values for A and B were determined by solving the simultaneous equations resulting from 
the use of values for all other parameters at two times of very different and stable 
operating conditions. The times chosen were 0300 hours on 11/20/80 and 0100 hours on 
11/22/80. This calculation revealed the following reasonable answers: 

A - - 
B - - 

1.03373, implying a 3.3% discrepancy in turbine calibrations 

0.81664, implying a free gas content in the wellhead turbine equal to 
82% of the value calculated with the rather simplistic assumptions used. 

Solving Equation 3 with these values yielded the excellent fit' between calculated and 
measured separator brine rates that is shown in Exhibit 12-12. The f i t  is particularly 
pleasing when one observes the discrepancies at times of known separator upsets 
characterized by brine production to the flare line. These times are 0810 to 0840 hours 
on 11/19/80, 2255 to 2325 hours on 11/19/80, 1200 to 1230 hours on 11/20/80, and 1225 to 
1245 hours on 11/21/80. In each case, the calculated brine rate is higher than the 
measured separator turbine rate, which did not include brine lost to the flare line. 
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12.6.2.4 SeparatorPressureandOtificeDifferentiak IGT data for these two 
parameters are presented graphically in Exhibit 12-13. The amount of hand-editing due 
to electrical shorting in wet connectors was less than for other channels, because the 
transmitters and connectors were under a canvas canopy. Only about 6 individual points 
for each of these channels were hand-edited to remove erroneous zero values due to 
electrical shorting. In addition, the raw separator data exhibited a transient excursion to  
a peak of 233 psig between 0600 and 0800 hours on 11/22/80. In contrast, separator 
pressures recorded by Weatherly remained constant at about 200 psig during the same 
time interval. Since no other recorded data exhibited a transient consistent with a 
buildup and decline in separator pressure at that time, all recorded values were hand- 
edited to  the average of 201 psig characteristic of IGT's recorded values before and after 
the transient. Both separator pressure and orifice differential pressure were hand-edited 
to  correct recorded values during times of separator upset characterized by brine 
production to the flare line. Such editing was performed for the time intervals 0810 t o  
0840 hours on 11/19/80, 2255 to 2325 hours on 11/19/80, 1200 to 1230 hours on 11/20/80, 
and 1225 t o  1245 hours on 11/21/80. In each case, the hand-editing substituted the 
average of values recorded before and after the separator upsets. 

The low separator pressure of about 60 psig was used during production at about 1500 
bbl/day to  minimize error in gas production rate due to  zero variations in the output of 
the differential pressure transmitter. By operating at this pressure and using the 
smallest orifice plate on location (0.50-in. opening), differential pressure was maintained 
in excess of 30 inches of water. Both experience on prior tests and periodic zero checks 
during this test have revealed unexplained variations of 2 1.0 inch of water in the zero 
baseline for orifice differential pressure. Since gas production rate is a function of the 
square root of orifice differential pressure, the uncertainty in gas production due to  a 2 1 
inch of water uncertainty in a recorded value of 30 inches of water results in an 
uncertainty of less than 2 2% in calculated gas production rate to the flare line. 

When flow rate was increased at mid4  , separator pressure was increased 
as required to maintain a recorded orifice differential pressure of 30 to 40 inches of 
water without the loss of data that would have resulted from changing to  an orifice plate 
of different size. 

Filter Differential Pressure and D - 4  Wellhead e= Recorded 
two parameters are presented in Exhibit 12-14. The only manual editing 

of filter differential pressure data was at about a half-dozen individual points where zero 
or negative values were recorded due to  electricirl shorting. About two dozen disposal 
wellhead pressure points were similarly edited. This large number was due to  the 
necessity for several Amphenol Series 44 connectors in th 
disposal wellhead plus occasional da e to the cable by grazing cattle. 

Flow rates to  the disposal well differ from brine production rates because of use of a 
200-barrel settling tank on the production well location plus an injection pump to 
transfer liquid from that tank t o  the disposal well. The majority of fluid produced during 
the first 24 hours was produced to  the reserve pit on the production well location, due to  

morning of 11/19/80 resulted from problems with speed control on the injection pump. 
During periods of injection, the 200-barrel tank was pumped -down until .termination of 
injection was dictated by air entering the pump suction. Each time the settling tank 
filled, the injection pump was restarted. 

t problems with the injection pump. The cyclic injection on the afternoon of 11/18/80 and 
id 
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The problem with the injection pump speed control was solved at midday on 11/19/80. 
For the remaining 3 days of the test, the injection rate approximated the brine 
production rate. The ef fect  of increasing brine production rate, and injection rate, was 
apparent at mid-day on 11/21/80. 
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12.6.3 ChracterMcs of Produced Gases 

Sections 12.6.3.1 through 12.6.3.4 provide details of gas sample collection and analysis 
for all gas composition data obtained. Section 12.6.3.5 describes the interpretation of 
these data, which suggests the presence of gas in the reservoir in excess of solubility in 
brine. Section 12.6.3.6 discusses judgments made in selecting gas compositions for 
interpretation of orifice meter data to determine timedependent gas production to the 
flare line. 

12683.1 Bottom-hole Samples= Two bottom-hole samples were successfully 
obtained from a depth of 9743 feet  (2 feet above the shallowest perforation) at 1518 
hours and 1711 hours on 11/13/80. A few barrels of brine were produced before each 
filling of the sampler to ensure sampling of fresh reservoir brine. Pressure drawdown 
during this production was only about 100 psi. 

The two filled samplers were transported to Chicago for analysis of contents under the 
GRI contract "Gas Saturation in Formation Waters." On 11/20/80 and 11/21/80, they 
were flashed to an evacuated manifold that included a flexible bag, which permitted 
flashing to 1 atm pressure. After each flashing, gas from the flexible bag was 
compressed into 300-c~  stainless steel cylinders. Two cylinders were required for the 
gas from each bottomhole sampler. 

Gas from all four stainless steel cylinders was analyzed by mass spectrometry on 
11/26/80, 13 days after bottomhole sampling. Results of the flashings and of these 
analyses are shown in Exhibit 12-15. For each bottomhole sample, the  fractional 
compositions shown were calculated from the analyses and contents of the two 
laboratory cylinders used. The small reported hydrogen content of the gas is generated 
by reactions between the brine and metallic components of the sampler. 

126.33 Flare Line Gas Samples: Flare gas samples were collected from a 
sampling point between the orifice meter and the back-pressure controller. All samples 
were collected at separator pressure. The gas temperature at the sampling point was 
several degrees lower than the flowing brine temperature. 

Procedures used for i) sample collection, ii) gas chromatography analyses in the field, iii) 
Draeger apparatus analysis, and iv) mass spectrometry analysis in IGTs Chicago 
laboratories are described in the following subsections: 

0 sample C o U d o m  A clean 300-ml Teflon-lined stainless steel cylinder with 316 
stainless steel valves was evacuated, sealed, and placed in an oven. The cylinder 
was heated to a Emperatwe greater than the brine temperature. A temperature 
greater than 100 C was used, to discourage droplets of water from adhering to 
the sides of the cylinders. Before sampling, the sample line was purged at a high 
flow rate to establish thermal equilibrium with the flare line. The sample line 
valve was then turned off, and the hot evacuated cylinder was attached to the 
sample port. All valves were then opened in sequence, starting with the sample 
port valve, and the system was flushed with gas at a high flow rate for 10 
seconds. The valves were then turned off in reverse sequence and the cylinder 
removed. If the analyses were not to be performed immediately on-site, the 
cylinder was doubly sealed with Swagelok caps. 
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TITY COMPOSITION OF GAS FROM BOTTOMHOLE SAMPLES 

Sample No. 1 
Collection Time 1518 hours; 11/13/80 

Date of Flashing 11/20/80 

Flash Gas Brine Ratio 38.7 SCF/bbl 

ss Spectrom 11/26/80 

Gas Composition Mol X SCF/bbl gal /MCF 

.232 *2 

6.935 
F Methane 30.596 

2 

Ethane 2.10 0.813 0.5600 Y 
Propane ' 0.24 0.93 0.0659 
n-Bu tane 0.02 0.008 0.0063 
i-Bu tane 0.03 0.012 0.0098 
Benzene 0.02 0.008 0.0056 
Toluene 0.01 0.004 0.0033 
Other Gases * (0.01 (0.004 

Total 0.6509 
8 

Mol X 

0.10 

19.85 
77.58 

2.11 
0.28 
0.02 
0.02 
0.03 
0.01 

( 0  .01 

- 

(-v - 

Sample No. 2 

1711 hours; 11/13/80 

11/21/80 

38.8 SCF/STB 

11/26 /80 

SCF/bbl-- gal/MCF 

0.039 

7 . 702 

r -  

30.101 
.0.819 0.5627 

0.0769 0.109 
0.008 0.0063 

.0.0065 0.008 
0.012 0.0084 
0.004 0.0033 

(0.004 

0.6641 

* Content of each of the  following gases was less than 0.01 mol X andassumed zero f a r  normalizing: 
nitrogen, pentanes, hexanes, heptanes, octanes, nonanes, xylene, helium, and argon. 

c 



0 Field Gas Chromatograph Analyses: These analyses were performed using a 
Carle Model Ill-H gas chromatograph. The instrument uses a thermal 
conductivity detector and was housed in the IGT instrumentation trailer on 
location. 

The gas chromatograph was used to measure the hydrocarbons from C1 to C5. A 
Cg+ peak was also eluted, but a water vapor peak swamped the C6+ peak, making 
quantification difficult. The chromatograph also separated carbon dioxide, 
nitrogen, oxygen, and hydrogen. The nitrogen values are uncertain, because a 
baseline upset occurred with valve switching within the instrument. The 
hydrogen peak is not quantified, because an adequate standard had not been run. 
A small peak appearing with a retention time similar to that of hydrogen has 
been determined to be an anomalous "leak peak.*@ This **leak peak," however, 
severely lessened the ability of the chromatograph to detect hydrogen. 

The area under the peak was integrated with an on-line Perkin Elmer integrater. 
The area of each peak was then multiplied by the response factor of that  
component from a standard and the composition normalized to 100%. 

Samples of flare line gas were bled from the collection cylinders to the heated 
inlet of the gas chromatograph within minutes af ter  sample collection. Thus, 
samples were not cooled before field analysis. 

LJ 

L 

F 
t 

t 

t 
Results of the field gas chromatograph analyses are given in Exhibit 12-16. W i t h  
the exception of Cg+, the uncertainties in reported values are estimated to be as 
foflowsr 

% Component % Uncertainty 

0.01 to 0.09 50 

0.1 to 0.9 10 

1.0 to 90 5 

The second digit after the decimal point is not significant for methane or carbon 
dioxide but is reported for normalization purposes. The uncertainty in content of 
Cg+ may be as great as the values shown in the exhibit. 

Natural gas liquids (NGL) content for ethane through pentane has been 
calculated for each gas analysis using values for SCF per gallon of liquid from 
Figure 16-1 of the 1974 revised edition of the Engineering Data Book published 
by the Gas Processors Suppliers Association in cooperation with the Gas 
Processors Association (Ref. 4). The quantity of ethane through pentane NGL 
per MCF of total gas is also shown in Exhibit 12-16. The Cg+ components are 
not included because of the large uncertainty in gas chromatograph results for 
these components. 

I 
L, 
L 
c 
L 
I 
t 
t 
t i  

&: 

0 Draeger Apparatus Amlyses Hydrogen sulfide concentrations shown in Exhibit 
12-16 were determined using Length of Stain Tubes (Draeger apparatus). The d 
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sampling p r t  was the same as was used to colle samples for hydrocarbon 
analysis. The procedure used was the Gas Processor's Association Tentative 
Method of Test For Hydrogen Sulfide in Natural Gas Using Length of Stain - Tubes. (See Appendix H.) Carbon dioxide, ammonia, and mercury contents were 

and ammonia were looked for 
only in the sample taken at 1920 hours Mercu7 on 11 16/80. The results were below 
also determined using this procedure. 

minimum detectable limits - less than 3 ppm ammonia and less than 0.05 mg/m3 
mercury. Results for C02 were consistent with those from gas chromatograph 
analysis and are not reported. 

0 Mass Spectrometer Analyses Samples for mass spectrometric analysis were 
collected in Teflon-lined, stainless steel cylinders using the procedures 
previously described. After collection, the 300-cc sample vessels were doubly 
sealed using Swagelock caps. 

Immediately prior to analysis with IGTs DuPont Model 21-104 mass 
spectrometer, each sample vessel was checked for leakage while removing the 
Swagelock caps. Samples were rejected if the space between the valve and cap 
was found to be pressurized. Acceptable sample vessels were connected to the 
mass spectrometer inlet system and heated to a temperature greater than the 
temperature of the separator gas stream at the time of sample collection. A 
small amount of gas was then injected into the mass spectrometer. 

The mass spectrometer analysis quantifies all gases from 2 = 2 to 2 = 114. The 
detection limit is 0.01 mole percent composition. Analysis results are presented 
in Exhibit 12-17 for all components detected with concentrations greater than 
0.01 mole percent. Gases that would have been detected and reported if 
concentrations had exceeded this value include hydrogen, helium, oxygen, 
nitrogen, argon, octanes, nonanes, and xylene. 

The NGL content calculated for each analysis is also shown in Exhibit 12-17. 
This calculation is reported for ethane through pentane only, as well as for all 
hydrocarbons above the detection threshold. This breakdown facilitates the  
combining of gas chromatograph and mass spectrometer analyses to be discussed 
in Section 12.6.3.6. 
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RIDDLE-SALDANA WELL #2 -FLARE LINE GAS FIELD GAS CHROMATOGRAPHY 
(Part I) 

1111918- Sample Date 1111618- - 11/17/8- 1111818- 
Sample Time 1800 2000 2045 0741, 1900 0930 1030 1635 1030 1530 , 2030 
Component, mol X 

Methane 74.72 70.88 76.14 72.06 72.88 73.36 72.78 73.50 72.80 73.83 73.78 

Ethane 2.14 2.06 2.49 2.39 2.51 2.53 2.55 2.60 2.65 2.68 2.66 

Propane 0.29 0.32 0.43 0.42 0.44 0.45 0.45 0.47 0.49 0.50 0.51 

n-Butane 0.02 0.04 0.04 0.04 0.04 0.05 0.08 0.04 0.06 0 .os 0.05 

i-Bu tane 0.02 0.03 0.04 0.03 0.04 0.04 0.04 0.05 0.04 0.05 0.05 

Pentanes 0.01 0. 0.01 0.01 0.02 0.01 0.01 0.01 0.02 0.03 0.02 

0.03 0. 0.06 0.09 0.14 0.03 0.03 0.04 0.08 0 .oo 0.04 '6' 

Nitrogen 0.19 0. 0.19 0.38 0.26 0.24 0.28 0.06 0.20 0.21 0.14 

Carbon Dioxide 22.57 26.41 20.60 24.57 23.67 23.28 23.78 23.22 23.65 22.66 22.75 

H2S PPm* 35 60 57 93 75 83 73 70 

c 

' Y  w 

Separator Pressure, 
P s i 8  59.2 60.6 54.3 52.8 56.1 57.9 58.8 65.6 61.2 65.8 61.8 

Separaior Tempera- 

Sample Point 

ture F 120 133 135 167 176 184 184 188 193 194 193 

Temperature OF 63 74 81 103 109 130 131 143 150 155 137 

C245 NGL, gal/MCF 0.6667 0.6632 0.8113 0.7786 0.8230 0.8306 0.8454 0.8549 0.8803 0.8948 0.8886 

CI 

Y 
9 * H2S content wae determined using length of s ta in  tubes (Draeger Apparatus) 

i! - 
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Sample Date 
Sample Time 
Component, mol X 

Methane 

Ethane 

Propane 

n-Bu tane 

i-Butane 

Pentanes 
w 

'6' 
Nitrogen 

Carbon Dioxide 

H2S PPm* 

Separator Pressure, 
P w 3  

ture OF 
Separator Tempera- 

RIDDLE-SALDANA WELL #2 - FLARE LINE GAS FIELD GAS CHROMATOGRAPHY 
(Continued Part 11) 

11/20/80---------- 11/21/8- 11 f 2218- 
1113 1245 1442 1000 1420 1920 0930 1220 1508 2120 0908 

77.19 76.96 77.38 

2.47 2.65 2.62 2.86 2.75 3.57 3.33 3.25 3.24 3.25 3.23 

0.44 0.49 0.50 0.58 0.54 0.87 0.79 0.76 0.74 0.74 0.76 

71.25 72.68 73.17 74.57 73.87 78.75 77.63 77.36 

0.05 0.05 0.05 0.07 0.06 0.10 0.09 0.09 0.09 0.09 0.09 

0.04 0.05 0.05 0.06 0.05 0.10 0.11 0.09 0.09 0.09 0.09 

0.01 0.03 0.02 0.02 0.02 0.04 0.04 0.03 0.03 0.04 0.04 

0.09 0.04 0.02 0.04 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

0.12 0.29 0.11 0.09 0.07 0.09 0.09 0.06 0.11 0.08 0.06 

25.53 23.73 23-47 21.71 22.62 16.45 17.90 18.34 18.50 18.74 18.33 

68 34 32 

59.2 62.7 6 3 . 1 .  59.5 61.3 203 200 202 199 200 2G2 

195 196 195 195 195 209 2 14 215 215 216 216 

Sample Point 
Temperature OF 140 15 1 145 101 118 149 140 144 142 156 158 

C2-C5 NGL, gal/HCF 0.8118 0.8841 0.8752 0.9707 0.9240 1.2694 1.1836 1.1438 1.1357 1.1420 1.1421 

c 

ti; 
Y * H2S content was determined using length of s ta in  tubes (Draeger Apparatus) 
Y 

i! 
' R  



Sample Collection Date 

Sample Collection Time 

Sample Analysis Date 

Separator Pressure, psig 

Separator Temperature, % 
Component, mol % 

Methane 

Ethane 

Propane 

n-Butane 

i-Butane 

Pentanes 

Hexanes 

Heptanes 

Benzene 

Toluene 

Xylene 

Carbon Dioxide 

C2 - C5 NGL, gal/MCF 

All NGL, gal/MCF 

BY MASS SPECTROSCOPY 

Exhibit 12-17. ANALYSES OF RIDDLE-SALDANA W E U  No. 2 FLARE LINE GAS 

Eaton Industries of Houston, Inc. 

11/18/80 

1040 

12/11/80 

\ 

61.1 

185 

72 . 44 

2.38 

0.41 

0.05 

0.02 

0.02 

0.01 

0.01 

0.05 

0.04 

0.00 

24.57 

0 . 7767 

0.8127 

11/21/80 

1600 

12/11/80 

20 1 

210 

77.56 

3.30 

0.73 

0.13 

0.08 

0.10 

0.08 

0.04 

0.10 

0.07 

0.00 

17.81 

1.1837 

1.2862 
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11/22/80 

1345 

12/11/80 

203 

216 

78 . 75 

2.97 

0.66 

0.10 

0.07 

0.07 

0.04 

0.02 

0.07 

0.06 

0.01 

17.18 

1 . 0529 

1 . 2075 
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12633 Gas Flashed from Brine to the  Disposal W e l k  Samples for determination 
of the quantity and composition"of gas in brine from the separator were collected from 
the brine sampling point at the inlet end of the brine metering skid. The sample 
collection point was horizontal at the midpoint of the 3-inch pipe and only about two 
pipe diameters downstream from the last of three right-angle changes in flow direction. 
The sampling point was at separator pressure. Sample collection and the flashing 
procedures were as follows: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

After 

Connecting a SOO-mi, Teflon-lined, stainless steel cylinder to the sampling point 
with the outlet end of the vessel above the inlet end. 

Opening valves and flowing brine through the sample vessel for at least 60 
seconds and until the vessel was hot to the touch. 

Closing the sample vessel outlet valve. 

Closing the sample vessel inlet valve. 

Closing the sample port valve. 

Disconnecting the sample vessel from the sampling point and immersing it in 
w g e r  until it was cooled to the field laboratory ambient temperature (about 
25 C). Cooling by water immersion provided the advantage that any sample 
vessel exhibiting leakage by bubble formation could be rejected. 

After cooling, connecting the sample vessel to a 500-c~ syringe, with less than 5 
cc of air-filled dead volume in connecting tubing, fittings, and the syringe itself. 

Opening the sample vessel to allow gas flashed from brine in the pressure vessel 
to move vertically into the large syringe. 

Striking the cylinder repeatedly to ensure that the carbon dioxide had reached 
equilibrium between the gas and liquid phases. 

quantitative determination of the amount of gas entering the syringe at 
atmospheric pressure, the gas from the syringe was injected into the gas chromatograph 
for analysis. 

Results from this procedure are reported in Exhibit 12-18. Note that flashing and 
analysis for the sample collected at 1345 hours on 11/22/80 were performed in IGFs 
Chicago laboratories 7-1/2 weeks later. 
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Exhibit 12-18. ANALYSIS OF GAS FLASHED OFF BRINE AFTER SEPARATOR 

FROM THE RIDDLE-SALDANA WELL NO. 2 

Sample Collection Date 

Sample Collection Time 

Separator Pressure, psig 

Brine Temperature, OF 

Gas/Brine Ratio, SCF/bbl 

Component, mol % 

Methane 

Ethane 

Propane 

n-Butane 

i-Butane 

Pentanes 

‘6+ 
Nitrogen 

Carbon Dioxide 

1 1/17/801 1 1/18/801 11/21/80 

1140 1235 1615 

63.9 62.6 201 

171 187 210 

0.32 0.31 2.04 

50.8 

1 -9  

0.3 

0.03 

0.02 

0.00 

0.02 

0.4 

46.6 

1 1/22/802. 1 1/Z/803 

1154 1345 

199 203 

215 . 216 

0.73 1.59 

52.2 58.6 

1.9 2.1 

0.3 0.3 

0.04 0.04 

0.04 0.02 

0.00 0.02 

0.02 0.24 

0.5 2.9 

45. 1 35.8 

Insufficient gas sample; no analyses performed. 

Cylinder leaked. (Pressure under Swagelok Cap.) 

1 

’ Cylinder flashed at IGT Chicago on 1/14/81; gas analyzed by mass spectrometry 
that same date. 

Note: All samples analyzed on 1/14/81 

Eaton Industries of Houston, Inc. 
DOE CONTRACT NO. Eaton Operating CO., Inti 
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12.6.3.4 Gas Samples by Other Parties: Several parties other than IGT collected 
and/or analyzed gas samples. Representatives of the following organizations collected 
their own samples on location. 

0 Weatherly Laboratories, Inc. 0 U.S. Cislogical Survey 
Lafayette, La. NSTL Station, Miss. 

0 McNeese State University 
Lake Charles, La. 

0 US. Geological Survey 
Menlo Park, Calif. 

Other organizations invited to participate in sampling and analysis included The 
University of Texas at Austin, Lawrence Berkeley Laboratory, and Louisiana State 
University. 

A combined sample log showing times of sample collection, location and type of samples 
collected, tests performed on location, and tests intended to be performed off-location is 
presented as Appendix I. 

Results of oth&party hydrocarbon analyses that have been provided to IGT since the 
test are presented by organization below. 

0 USGS Gulf Coast HydroSdence Centec Preliminary results from analyses of gas 
samples for radon 222 were provided in a letter from Mr. Thomas F. Kraemer 
dated January 22, 1981. A second letter, dated 4/22/81 provided final results of 
radioactivity analyses plus results of gas chromatograph and carbon isotope ratio 
analysis for one of these samples by Dr. George Claypool of the USGS, Denver. 
Results of these analyses are presented in Exhibit 12-19. 

Mr. Kraemer observed that the radon content of the samples analyzed is only 
about 10% of that from other geopressured-geothermal well tests. He has 
hypothesized that this low value may be associated with the existence of a free 
gas phase in the reservoir. 

The value reported for the methane 13C/12C ratio is the difference between the 
13C/12C isotope ratios obtained for the sample and for an international 
standard. Values for gas of thermogenic origin usually range from -40 to -55, 
with more mature gases having more positive values (closer to -40). The values 
for biogenic gases usually fa l l  between -60 and -100. Thus, produced methane 
appears t o  be almost exclusively of thermogenic origin. 

. 
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Date 

11/20/70 

11/21/80 

11/21/80 

1 1/22/80 

11/22/80 

Exhibit 12-19. GAS ANALYSIS RESULTS REPORTED BY THE USGS 

HYDROSCIENCE CENTER 

Time 

17:20 17.3 

222Rn Content (dpm/l at t ime of sampling) 

1222 20.9 

16:OO 18.2 

10200 17.4 

1o:oo 
Gas Composition 

Vol % - Component 
- 

N2 0.1 

c02 16.54 

Methane 79 . 23 

Ethane 3.91 

Propane 

*Butane 

i-Butane 

n- Pentane 

i-Pentane 

0.66 

0.11 

0.11 

0.02 

0.03 

Carbon Isotope Ratio 

Methane 13C/12C -42.4 per mil 

Eaton Industries of Houston. Inc. 
DOE CONTRACT NO. 
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e Reservoir Fluid Studies: Weatherly Laboratories (Mr. John Nea& Weatherly 
Laboratories, Inc., collected samples of separator gas and brine between 1030 
and 1330 hours on 11/20/80. Weatherly's complete report of analyses performed 
is provided in Appendix 3. Only portions of that report most relevant to defining 
the quantity and composition of produced gases are discussed in the paragraphs 
below. 

. Several sam les of separator brine were flashed to 1 atm and 78OF. The average 

to be 0.8 SCF/bbl. Although the quantity of gas from each flash was too 
small for complete analysis, C02 content was estimated to  be about 49%. 

Gas chromatograph analysis of a separator gas sample by Weatherly Laboratories 
provided results consistent with the average of IGT's field analyses of samples 
collected before and after sample collection by Weatherly. The most notable 
difference was in reported mole percents of ethane and propane in dry gas. IGTs 
values averaged 2.56 and 0.46 mole percent, respectively, whereas the Weatherly 
values were 2.33 and 0.36 mole percent. The reported values for C02 content 
were very close. Two IGT samples averaged 24.63 mole percent, whereas the 
Weatherly analysis yielded 24.00 mole percent. 

gaslbrine ra e ' 0  for samples collected at a separator pressure of 60 psig was found 

A total of 9 recombinations (two of which were discarde$) were performed by 
Weatherly Laboratories at the reservoir temperature of 300 F reporked by RDI. 
In units of standard cubic feet of seqra tor  gas at 14.65 psia and 60 F per barrel 

. of separator brine at 60 psig and 145 F, observed bubble points ranged between 
extremes of 19.99 SCF/bbl at 2330 psia and 45.05 SCF/bbl at 8850 psia. With 
these units, the bubbles point at reservoir conditions was 39.45 SCF/bbl at 6633 2 
20 psia. 

Using Weatherly Laboratories, Inc. values for relevant brine volumes and gas 
content of separator brine, plus converting both gas andobrine volumes to the 
pressure base of 14.73 psia and temperature base of 60 F used in this report, 
results in a total gas solubility of 40.86 SCF/STB. 

The sample recombined to a total gas content of 40.86 SCF/STB was used for a 
four-step differential liberation experiment. The composition and amount of gas 
liberated at each step are shown in Exhibit 12-20. 

12633 krdications of Free Gas in the Reservoh The analytical results 
presented in the preceeding portions of Section 12.6.3 strongly suggest that production of 
gas in excess of solubility in reservoir brine began early in the test and increased 
stepwise when the production rate was increased on 11/21/80. Observations leading to 
this hypothesis are discussed below: 

e Comparison of Bottomhole Sample Analysis and Recombination Studies: The 
solubility 40.86 2 0.5 SCF/STB found in recombination to  reservoir temperature 
and pressure is 2.1 SCF/STB higher than that observed from flashing bottom-hole 
samples. However, this difference is due primarily to the different C02 
contents measured. Exhibit 12-20a compares the amount of each gaseous species 

, 
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Exhibit 12-20. GAS COMPOSITIONS DURING DIFFERENllAL LIBERATION 

Pressure Step, psia 

Total Gas, SCF/STB 

Gas Composition, mol % 

c02 
Methane 

Ethane 

Propane 

n-Butane 

i-Butane 

n-Pentane 

i-Pentane 

Hexanes 

Heptanes+ 

6632-4000 

6.8 

1 .so 
92 . 24 

4.43 

0.96 

0.19 

0.18 

0.08 

0.05 

0.03 

0.04 

4000-2500 

7.7 

3.05 

92 . 74 

3.44 

0.54 

0.07 

0.07 

0.02 

0.01 

0.01 

0.05 

2500-1000 1000-1 5 

10.8 17.0 

8.76 

88 . 46 

2.44 

0.26 

0.02 

0.02 

0.01 

0.01 

0.01 

0.02 

18.64 

79.18 

1.85 

0.10 

0.01 

0.03 

<om01 

<0.01 

<0.01 

0.19 

Eaton Industries of Houston, Inc. 
DOE CONTRACT NO. 
DE-AC08-80ET-2708 1 
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for the bottom-hole samples and the  recombination study. For this exhibit, the 
analyses of the two bottom-hole samples described in Exhibit 12-15 (Section 
12.63.1) have been averaged and then normalized on a hydrogen- and nitrogen- 
free bask to be consistent with the normalizatlim by Weatherly Laboratories, 
Inc. The comparison reveals that the hydrocarbon content of bottomhole 
samples was actually slightly greater than at the bubble point during the 
recombination studies (31.4 SCF/STB vs. 31.1 SCF/STB). Agreement is within 
the limits of experimental accuracy for both measurements. It is therefore 
suggested that the apparent difference in gas solubility may be due primarily to 
loss of CQ by reactions inside the sample vessel. 

EXHIBIT 12-20a. COMPARISON OF 0OTTOM-HoLE SAMPLE AND RECOMBINATSON 
GAmRINE RAnos 

IGT Weatherly Laboratories, Inc. 
Bott gm-hole Recombination 

SCF/STB - mol% SCF/STB mol % - Gas Component 

Total Gas 100 38.75 100 40.86 

co;! 18.95 7.343 24.00 9.806 
78.60 30.458 73.06 29.852 Methane 

Ethane 211 0.818 2.33 0.952 

Propane 0.26 0.101 0.36 0.147 

0.008 0.05 0.020 i-Butane 0.02 
C5+ 0.03 0.0 12 0.15 0.06 1 
Hydrocarbon Gases 76.00 31.05 

n-Butane 0.b 0.008 0.05 0.020 

0 le sample and the gas samples caught 
ume of the wellbore (%ottoms- 
per MCF of toal gas produced. 
urs after bottoms-up contained 

liquids per MCF. The content of 
0.90 gallons per MCF before the 

seven gas samples 
contained more than 

1 
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Comparison of this increasing NGL content with analyses performed after each 
step in differential liberation reveals that the increase would be expected from 
production of free gas that had accumulated in the reservoir because of 
differential liberation in the tested reservoir of saturated brines migrating 
upward from much greater depth. For successive steps in differential liberation, 
the content of ethane through pentane liquids in liberated gas varied as follows: 

Ethane Through Pentane 
NGL Content of Total Liberated Gas, Pressure Step, 

psia gal/MCF 

6632-4000 1.61 

4000-2500 1.12 

2500-1000 0.74 

1000-15 0.54 

The higher NGL content of free gas is considered in greater detail in Section 
12.6.4.4. 

0 Radon 222 Content of p r o d u c e d  Gas: As previously observed, the radon 222 
content of gas produced on 11/20/80 to 11/22/80 was in the range of 17.3 to 20.9 
dpm/l at the time of sampling. This is only about one-tenth the concentration 
observed for prior geopressured-geothermal well tests. Mr. Thomas F. Kraemer 
of USGS has hypothesized that this low concentration may be due to radon 
exsolving from reservoir brine into an adjacent free-gas phase in the reservoir. 

12.6.3.6 Gas Compositions for Gas Prc&ct~ 'on Calculations: Interpretation of 
orifice meter raw data to determine the rate of natural gas flaring is dependent on the 
composition of the gas flowing through the meter. The data presented in Section 12.6.3 
reveal modest day-to-day variations in composition, plus substantial changes in 
composition at "bottoms upn on the first day of production (11/16/80) as well as at the 
time of production rate and separator pressure increase on 11/21/80. Therefore, for 
calculations of production, separate compositions were selected for each of nine 
different time intervals, as shown in Exhibit 12-21. 

The gas compositions for each time interval reflect the average of field gas chromato- 
graph values for N2, Co;! and methane through pentane hydrocarbons. These have then 
been renormalized to include a C6+ component on the basis of mass spectrometric 
analyses. For all times prior to the increase in production rate and separator pressure 
during 11/21/80, the value of 0.11 mole percent for Cg+ was used on the basis of mass 
spectrometric analysis of the sample collected at 1040 hours on 11/18/80. The value of 
0.24 mole percent used after the production rate and separator pressure increase is the 
avera e of values from mass spectrometric analyses of samples collected at 1600 hours 
on 11 P 21/80 and 1345 hours on 11/22/80. 
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EXHIBIT 12-21. GAS COMPOSITIONS FOR PRODUCTION CALCULATIONS 

Date 1111 11/17 11/18 11/19 11/20 11/21 

Time <2000 e1400 
Gas Composition, mol % 

N2 

c02 24.47 20.59 24.12 

0.19 0.18 0.18 0.08 

76.10 72.47 73.16 73 . 43 Methane 

Ethane 2.1 2.45 2.56 2.66 

Propane 0.31 0.43 0.43 0.46 0.50 

h Y n-Butane 0 .'03 0.04 0.04 0.06 0.05 
c 

-J 
i-Butane 0.02 0.04 0.04 0.04 0.05 

0.01 0.01 ' 0.02 0.01 0.02 

0.11 0.11 0.11 0.11 0.11 

... Pentanes 

C6+ 

23 . 57 

72.96 

2.58 

0.48 

0.05 

0.05 

0.02 

0.11 

22.15 

74.16 

2.80 

0.56 

0.06 

0.06 

0.02 

0.11 

NGL,gal/MCF 0.7099 0.8565 0.8495 0.8897 0.9311 0.9043 0.9913 
Specific Gravity 

0 . 8056 0 . 7936 (Air = 1.0) 0.8094 0.7733 0.8108 0 . 8036 0 . 8006 

Btu/SCF 790 . 5 835.4 798.4 808 . 3 814.3 807 . 6 826 . 3 
Heating Value, 

11/21 11/22 

,1400 

0.09 0.08 

17.14 18.44 

78.02 77.04 

3.44 3.23 

0.83 0.75 

0.10 0.09 

0.10 0.09 

0.04 0.04 

0.24 0.24 

1 . 3225 1.2381 

0.7660 0 . 7556 

893.3 877.0 



126.4 Produced Gas and Gasb3rine Ratio 

Sections 12.6.4.1 through 12.6.4.3 provide details of raw data interpretation to deduce 
flare line gas production, brine production, and the total produced gadbrine ratio. 
Values from a number of these intermediate steps are tabulated under the appropriate 
columns in Appendix K. Specific columns will be referred to in the detailed discussions 
in these first three sections. Sections 12.6.4.4 and 12.6.4.5 examine changes in gadbrine 
ratio in relation to producing conditions. Section 12.6.4.6 then presents the comparison 
of produced gadbrine ratio to laboratory data on gas solubility which concludes that 
hydrocarbon gas production was in excess of solubility in reservoir brine. In Section 
12.6.4.7, the NGL content of free gas in the reservoir is deduced. Finally, Sections 
12.6.4.8 and 12.6.4.9 examine the observed fluctuations in gas/brine ratio on a time scale 
of hours and conclude that these fluctuations are due to llpocketsll of free gas within the 
reservoir . 
126,4,1 Flare Line Gas Production= Flare line gas compositions representative of 
various time intervals during the test were selected as discussed in Section 12.6.3.6 and 
tabulated in Exhibit 12-21, The steps used to calculate the time dependence of gas 
production to the flare line, with those gas compositions, &e as follows: 

Calculating the specific gravity and heating value for the average gas 
composition for each time interval, using methods prescribed in ANSI/ASTM D 
3588-77. This ANSI/ASTM procedure assigns the physical properties of normal 
hexane to all C6+ hydrocarbons. The resulting calculated values are shown in 
Exhibit 12-21 for each gas composition. Total NGL content is also shown in that 
exhibit. In addition, gas gravity for each 1/2 hour of production is shown in 
column 4 of Appendix K. 

Calculating gas production to the flare line for each line entry of raw data using 
methods prescribed in A.G.A. Gas Committee Measurement Report No. 3. 
Implementing this methodology requires values for super-compressibility 
(Fpv = m. The values of z used for interpretation were calculated for various 
separator pressures and temperatures, using a computer program developed by 
IGT for a different project. Results of this calculation, for each 1/2 hour of 
production, are shown in the fifth column of Appendix K. 

Summing the gas production from each entry of raw data to determine total gas 
production in each l /2  hour, and then expressing this as a daily rate for that 1/2 
hour time interval. Results of this calculation for each 1/2 hour are reported in 
column 6 of Appendix K. 

Reducing calculated gas production for each 1/2 hour by an amount 
corresponding to the ratio of partial pressure of water at the orifice meter to 
absolute separator pressure. The resultant calculated dry gas production 
tabulated for each 1/2 hour is presented in column 7 of Appendix K. Dry gas 
flare rates are also shown graphically in Exhibit 12-22. 

Calculating hydrocarbon gas production by excluding the portions of produced 
dry gas that  are nitrogen and C02 Hydrocarbon gas production rate for each 1/2 
hour is shown in column 8 of Appendix K. 
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DRY GAS FLARE RATE AND BRINE PRODUCTION RATE 

EXHIBIT 12-22 
12-59 



12.6.4.2 Brine Reduction Rate Section 12.6.2.3 provided a comparison of all raw 
data on brine rates and described the successful development of a procedure for 
estimating brine production rate at separator pressure and temperature from two-phase 
wellhead turbine data. The brine production rate so estimated is believed to  be a more 
accurate representation of actual well performance than the data recorded from the 
separator brine turbine. 

For each 1/2 hour, the calculation of brine rate at separator pressure and temperature 
was performed by the same computer program that performed the gas production rate 
calculations described in the preceeding section. Inputs to each 1/2-h0ur calculation 
include dry gas flare rate as well as 1/2-hour averages for two-phase wellhead turbine 
rate, production wellhead pressure, separator pressure, and brine temperature. The half- 
hourly observed value for two-phase wellhead turbine rate is shown in the third column 
of Appendix K. Calculated brine rate at separator pressure and temperature is shown in 
the ninth column of that Appendix. 

Brine rate at 14.73 psia and 60°F is then calculated for each 1/2-h0ur time interval. 
Results are tabulated in column 10 of Appendix K and presented graphically in Exhibit 
12-22. 

12.6.4.3 Ehiuced cas/Brine Ratio: Total produced gas is the sum of gas to the 
flare line plus gas remaining in solution in brine to the disposal well. Total produced gas 
has been estimated using the following steps: 

0 Dividing the previously discussed flare line dry gas prodgction rate for each 1/2 
hour by the brine production rate at 14.73 psia and 60 F for that 1/2 hour to 
determine the flared dry gadbrine ratio. These results are tabulated in column 
11 of Appendix K. 

0 Estimating the &brine ratio in brine to the disposal well using the algorithm 
developed by System Science and Software to f i t  the data of Culbertson and 
McKetta for methane solubility in distilled water (Ref. 6). Results of this 
calculation using 1/2-hour averaged values for separator pressure and brine 
temperature are reported in column 12 of Appendix K. 

e Adding flare line dry @brine ratio to the estimated disposal well gas/ brine 
ratio t o  estimate the total gadbrine ratio for the production well. Results of this 
addition are tabulated in column 13 of Appendix K and are shown graphically in 
Exhibit 12-23. Bottomhole pressure and two-phase wellhead flow rate are also 
shown in Exhibit 12-23 to facilitate the correlation of gadbrine ratio with 
producing conditions. 

12.6.4.4 Correhtion of Gas/Brine Ratio with Producing Conditions= Average 
gadbrine ratios for 11 different time intervals during the test are tabulated in Exhibit 
12-24. After the first 21 hours of production, the @brine ratio, averaged over short- 
term fluctuations, was above 47 SCF/STB. This contrasts with values of 38.8 and 40.9 
SCF/STB at reservoir temperature and pressure from bottom-hole sample analysis and 
Weatherly Laboratories recombination studies, respectively. During the last day of 
production, the &brine ratio was above 53 SCF/STB. 
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Exhibit 12-24. AVERAGE GAS/BRINE RATIO FOR VARIOUS TIME INTERVALS 

Date 

1 111 6/80 

11/16/80 

11/17/80 

11/17/80 

11/18/80 

11/18/80 

1 111 9/80 

11/20/80 

11/21/80 

11/21/80 

11/22/80 

Gas/Brine Ratio, 

Time Interval SCF/STB 

1600-2000 hours 29.14 

2000-2400 hours 43 . 50 

0000- 1100 hours 41 -69 

1100-2400 hours 49 . 02 

0000- 1200 hours 48 . 74 

1200-2400 hours 47.04 

0000-2400 hours 47 . 74 

0000-2400 hours 48 . 25 

0000-1400 hours 50 . 88 

1400-2400 hours 

0000-1500 hours 

Overall Average 

54 . 24 

53 . 66 

49.15 

Comment 

Before albottoms up" 

GWR peak after 
%bottoms upn 

No trend 

Increasing GWR 

Decreasing GWR 

No trend 

No trend 

No trend 

Before increasing 
rate 

After increasing 
rate 

Rest of flow test 

After bottoms up 

Examination of Exhibit 12-23 in the context of Exhibit 12-24 leads to the following 
observations on the relationship between gaslbrine ratio and producing conditions: 

0 11/16/80, 1600 to 2000 hours: Prior to producing a volume of brine equal to 
wellbore volume (bottoms up), the produced @brine ratio was less than that for 
saturated brine at reservoir temperature and pressure. This is normal, because 
gas liberated at the reduced pressure for each depth in the wellbore had 
migrated to the wellhead before start of production and was produced directly t o  
the pit at the start of the test. 

0 11/17/80= Declines in bottom-hole pressure and brine rate were consistent with 
reasonable expectations for a homogenous, bounded sandstone aquifer. During 
the morning, &brine ratio averaged only a few percent more than the gas 
solubility revealed by Weatherly Laboratories recombination studies. However, 
for the latter half of t h i s  calendar date the overall trend in gaslbrine ratio was 
an increase to  about 52 SCF/STB. Allowing time for displacing of the wellbore, 
the increase in gaslbrine ratio started when bottom-hole pressure was about 5200 
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0 

0 

psia. Whether the recorded small midday fluctuations in pressure and rate have 
any relationship with increased gas production is conjectural. However, the 
increased gas production did correlate with the largest sand detector reading 
observed during the test (about 1/3 the most sensitive scale for 1-1/2 hours with 
a decline to zero in about 5 more hours). 7 -  

11/18/80 and 11/19/80= A t  about 0100 hours on 11/18/80, both bottom-hole 
pressure and brine rate increased with no manual adjustments of surface condi- 
tions. These increases were accompanied by reversal in the trend of @brine 
ratio. The average of fluctuations, of 0.5 and 2 hours duration, dropped from 
about 52 to  about 47 SCF/STB in 8 hours. One plausible explanation for this 
behavior is the beginning of flow of brine from previously plugged perforations. 

W i t h  the exception of roughly doubling the duration of fluctuations, gadbrine 
ratio remained about 47 to 48 SCF/STB through midnight of 11/19/80. Over a 
dozen 15-td5-minute sand detector peaks to  15% to 30% of the most sensitive 
scale occurred on 11/19/80 but do not correlate with production fluctuations. 

11/20/80 and AM of 11/21/80: During the morning of 11/20/8O bottom-hole pres- 
sure dropped below its previous minimum of 5060 psia and increase of .&brine 
ratio resumed. Overall gas/brine ratio for 11/20/80 had increased to 48.25 
SCF/STB from the low of 47.07 recorded 2 days earlier. The next morning 
(11/21/80), the average was up to 50.88 SCF/STB. 

During the evening of 11/20/80, a %hour fluctuation in bottom-hole pressure and 
brine rate due to reservoir phenomena was observed. W i t h  allowance for time 
for travel up the wellbore, the pressure drop and brine rate increase correlate 
with the 3 hours of @brine ratro in excess of 50 SCFISTB early on 11/21/80. In 
contrast, most of the shorter-term positive spikes in bottom-hole pressure 
appear to correlate with peaks in gas/brine ratio at the wellhead. Thus, these 
may be caused by ponse of the choke 

11/21/80 PM and 11/22/80: A t  about 1300 hours on 11/21/80, the choke was 
opened wider t o  increase flow rate. The resultant drop in bottomhole pressure 
to  about 4250 psi was accompanied by an increase in produced &brine ratio to 
an average of 54.24 SCF/STB for the remainder of that calendar date. For the 
15-1/4 hours of production before the well was shut in on 11/22/80, the gadbrine 
ratio was dropping slowly but still averaged 53.66 SCF/STB. 

increased gas content. 

The overall average gasbrine ratio, between %bottoms up" after first opening the choke 
on 11/16/80 and shut-in of the test on 11/22/80, was 49.15 SCF/STB. This is 8.3 SCF/STB 
greater than the solubility at reservoir conditions determined by recombination studies. 
During that time, 8886 STB of brine were produced. Thus the produced volume of gas in 
excess of solubility in the volume of produced brine was about 74 MCF. 

Since no dry gas production had ever occurred from' any depth in this well, and since less 
than 1000 barrels of total brine had been produced in both prior testing by Riddle Oil 
Company and during well cleanup after perforating, a gas volume of 74,000 SCF could 
not possibly have accumulated in the vicinity of the wellbore due to such activities. W e  
are therefore forced to  conclude that gas in excess of that soluble in reservoir brine, 
free gas, exists in the reservoir. 
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126.4.5 Total Produced Gas/Srine Ratio from Flashing of Wellhead Samples= The 
Gas Research Institute-funded IGT program "Gas Saturation in Formation Waterstt 
includes development of an %akinetic samplingtt technique for representative sampling 
of multiphase flow at wellhead pressure. The intent is to withdraw a small fraction of 
the wellhead flow stream using a concentric sampling tube in a region of highly turbulent 
flow. 

Although operation was outside design criteria for the low flow rate and low wellhead 
pressure at the Saldana well test, 23 samples were caught and flashed to 1 atmosphere 
while flowing at about 1500 bbllday. Resultant gadbrine ratios are shown in relation to 
the produced @brine ratio from the test data in Exhibit 12-25. Nine of the flashes of 
wellhead samples revealed gadbrine ratios in close.agreement with the previously 
discussed analysis. However, a comparable number revealed ratios about 20% higher. 
The remaining flash results were all high and between these extremes. 

Meaningful conclusions about well performance from these data are not possible due to 
lack of understanding of the reason for the 20% variation. However, the results are 
encouraging with respect to further refinement of hardware for matching of flow rates 
into and around the sampling probe, elimination of the small high-pressure valve before 
the sample collection chamber, and the future use of the equipment on wells capable of 
flowing at rates high enough to provide the required turbulence at the sampling point. 

12.6.4.6 
The following paragraphs present comparisons of previously presented bottomhole 
sample and recombination study results with solubility estimates based upon laboratory 
work on solubility of pure methane in sodium chloride brine. Flared hydrocarbon 
production is then discussed in relation to this comparison. 

Comparison of Laboratory and Field Data on Hydmcarbon Solubiliw. 

Exhibit 12-26 provides a tabulation of results from bottomhole sample flashing and 
recombination of separator fluids plus values calculated from three procedures developed 
to f i t  laboratory data on methane solubility in sodium chloride brine. Note that the new 
Blount equation (Ref. 291, based upon his 1981 re-evaluation of his data, has been used. 
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Exhibit 12-26. GAS SOLUBILITY AT RIDDLE-SALDANA WELL No. 2 

RESERVOIR CONDITIONS* 

Riddle-Saldana Laboratory H20, NaCl, 
Brine and Gas CH4 System 

Blount 
Bottomhole Recombination s3 Haas 1981 

Samples Studies Algorithm Procedure Equation 

All Components 38.75 ** 40 . 86 33 . 58 34.84 37 . 97 

Hydrocarbon 
Portion 31 -41 31 .OS 33.58 34.84 37 097 

Methane Content 30.46 29 . 85 33.58 34 84 37 097 

* Salinity = 12,800 mg/l 
Pressure = 6630 psia 
Temperature = 300OF. 

Additional C02 stayed in the brine when the samples were flashed. (See Section 
12.63.5). 

** 

The departures between results from field samples and all computational fits to 
laboratory studies on idealized systems are consistent with trends shown in preliminary 
laboratory %ark on the effect of CQ by C. W. Blount (private communication). A t  5000 
psi and 302 F, he has observed that more than 20% C% in the dissolved gas has the 
following effects in a 5 weight percent sodium chloride solution: 

0 Methane solubility is depressed by high C02 content of dissolved gas. 

0 Total gas, including C02, solubility is higher than the solubility of pure methane. 

These observations plus the close agreement between bottomhole samples and recom- 
bination on hydrocarbon solubility, suggest that all values in Exhibit 12-27 may be 
reasonable. 

Exhibit 12-27 shows both hydrocarbon content of gas to the flare line and total produced 
gas. After a peak in gadbrine ratio following bottoms up, the minimum values in flared 
hydrocarbon gadbrine ratio are reasonably consistent with the values of bottom-hole 
sample flash and recombination results for 1/2 day. However, beginning on the afternoon 
of 11/17/80, average hydrocarbon content of flared gas became consistent with the 
higher values from laboratory studies of pure methane solubility. During 
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the 24 hours of production after bottoms-up following the rate increase on 11/21/80, the 
flared hydrocarbon &brine ratio remained consistently above the highest values 
tabulated in Exhibit 12-26. It is highly unlikely that errors in lab or field work are large 
enough for flared hydrocarbons to be consistent with production of only solution gas. 
Thus we conclude that the free gas phase in the reservoir was clearly evident in the last 
24 hours of production. 

126.4.7 NGL Content and Source of Free Gas in the ZQeserVoirt The C p C 5  NGL 
content of free hydrocarbon gas in the reservoir can be estimated by comparing the 
results of the bo%tom-hole sample analysis with data from the four gas samples collected 
and analyzed in the field on 11/22/80. The bottom-hole samples contained 0.80 gallons 
C2-C5 per MCF of C1-C5. TheirC1-Cj5 gadbrine ratios averaged 31.3 SCF of Cl-C5 
per barrel. Thus each barrel of brine contained 31.3 SCF of Cl-C5 gas, which in turn 
contained 0.025 gallons of C2-C5 hydrocarbons. In contrast, the four flare line samples 
on 11/22/80 contained 1.40 gallons of C r C 5  per MCF of Cl-C5 and contained 43.4 SCF 
of C1-C5 per barrel of brine. Thus, each barrel of produced brine contained 43.4 SCF of 
C1-C5, which in turn contained 0.061 gallons of C2-Q NGL. Assuming the incremental 
Cl-C5 gas and included c 2 - C ~  NGL are a free gas phase in the reservoir, each barrel of 
brine produced on 11/22/80 contained 12.1 SCF of such gas, which in turn contained 
0.036 gallons of such NGL. Thus, the free gas phase appears to contain 3.0 gallons of C2 
-C5 NGL per MCF of C1-Q hydrocarbons. 

The NGL content of C1<5 gases liberated in each of the four steps of 
differential liberation by Weatherly Laboratories has been calculated for the data 
previously presented in Exhibit 12-20 (Section 12.6.3.4). The results are: 

Pressure Step, 
psia 

C2-C5 NCL 
Content of C1-Q Gas, 

gal/MCF 

6632-4000 1.64 

4000-2500 1.16 

2500-1000 0.81 

1000-15 0.66 

The difference between the estimated 3.0 gallons of C2-C5 NGL per MCF of Cl-C5 free 
gas in the reservoir and the value of 1.64 from the highest pressure differential 
liberation step suggests the free gas could only have originated from hydrocarbons in 
solution in brine if the liberation was from a pressure much higher than measured 
reservoir pressure. It is interesting to  speculate that such a phenomenon may have 
occurred in conjunction with upward brine migration from a much greater depth into the 
aquifer tested. This is consistent with the observation by C. S. Mathews (Ref. 21) that 
by far the most common source of gas in geopressured zones is migration from deep- 
seated source rocks. The methane carbon isotope ratio (l3C/l2C) of - 42.4 per mil 
reported in Section 12.6.3.4 is also consistent with a deep-seated source. 
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12.6.4.8 FIuctuations in Gas/Brine-Raticx The 210% fluctuations in &brine 
ratio on a time scale from tens of minutes to  a few houTs is a surprising characteristic of 
this well. Prior use of the same test equipment, instrumentation, and data processing on 
the P. R. Girouard and G. M. Koelemay well tests did not reveal such fluctuations. The 
following paragraphs describe evaluations that strongly suggest that the fluctuations are 
not caused by phenomena occurring in the surface test equipment. 

One obvious question is whether the fluctuations are caused by operation of the back- 
pressure regulator and dump valve on the separator. Exhibit 12-28, Parts 1 and 2, are 
from a strip chart recording of separator pressure and orifice differential pressure. Part 
1 covers the time interval between 0700 and 1100 hours on 11/21/80. At this time, 
separator pressure was about 60 psig, and brine rate was about 1400 STB/day. Part 2 
covers 1400 to 1800 hours on that same date. This time interval is after increasing 
production rate and separator pressure to about 2200 STB/day and 200 psig. Both time 
intervals include fluctuation in &brine ratio that exceed 10 SCF/STB. It is apparent 
from both of these figures that multiple changes in separator control valve settings 
occurred during the excursion in differential pressure due to increased gas production. 

caused 

0 

The apparent control operation in Exhibit 12-28 is that of the back-presswe control on 
the flare line. It is doubtful whether brine dumpvalve throttling has clear signature on 
these data traces. One means of examining whether brine level changes in the separator 

fluctuations in &brine ratio is the following: 

A t  the normal brine level in the separator, a level change of 1 inch would change 
gas volume at separator temperature and pressure by 2.9 ft3. Observation of the 
sight glass on the separator revealed that brine-level fluctuations were generally 
less than this amount. A t  60 psig, only. 14.5 SCF of gas would be displaced from 
the separator by a 1-inch increase in brine level. At  200 psig, as much as 52 SCF 
could be displaced by such a level chan e. However, the gas volume required to 
increase the GWR by 10 SCF/STB for 1 7 2 hour is about 310 SCF for a brine rate 
of 1500 STB/day and 450 SCF for a brine rate of 2200 STB/day. Since these 
volumes are roughly 10 times the gas displaced from the separator by a 1-inch 
increase in brine level, such level changes cannot be the reason for observed 
fluctuations in &brine ratio. 

Additional examination of fluctuations in &brine ratio was performed by use of 
weighted moving averages to smooth the fluctuations in calculated 1/2-hour averages. 
Two smoothing functions were used. Using R to denote &brine ratio and the subscript 
"i" to denote the time interval in question, the functions were the followin@ 

1 
0 Smoothed Ri = '2 (0.5Ri - + 

Smoothed Ri = 3 1 (0.25 
0 

Values calculated for each 1/2 
tabulated in Appendix L. 

uction using these smoothing functions are 
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Exhibit 12-29 shows the effect of the second (5 time interval) smoothing function in 
comparison with calculated 1/2-hour values of &brine ratio and the electronically 
digitized raw data values of orifice differential pressure. The 2-day interval selected 
for this graphical presentation includes the rate change on 11/21/80. Examination of this 
figure leaves little doubt that the 1/2-hour fluctuations in gadbrine ratio are a 
reasonable representation of gas flow through the orifice meter. Smoothing with 
weighted moving averages eliminates sharp fluctuations that are probably real. 

126.4.9 
Whether or not the fluctuations in gas/brine ratio originated in the reservoir has been 
addressed by examining the composition of individual gas samples. Emphasis has been 
placed upon the most reliable data by considering only the methane through pentane 
components of samples analyzed using the field gas chromatograph. 

Corr&tion of Gas/srine Ratio Flucatations with Gas Compositio= 

Exhibit 12-30 shows flared hydrocarbon &brine ratio plus the ethane through pentane 
NGL content of all samples presented in Section 12.6.3.2. The larger NGL content for 
each sample is due to renormalizing the field gas chromatograph analyses on Exhibit 
12-16, (Section 12.6.3), such that only the hydrocarbon gases from methane through 
pentane are considered (Le., the points in Exhibit 12-30 are normalized on a C02, N2, 
C6+ free basis). 

On this same basis, the NGL content of the two b o t t o m h i e  samples averaged 0.80 
gallons/MCF. The flare line sample collected before bottoms-up (1800 hours on 
11/16/80) had an NGL content of 0.864 gal/MCF. This i s  reasonably close to  the values 
for the bottomhole samples. However, gas samples caught during the 12 hours after 
bottoms-up contained 1.03 gallons of ethane through pentane (Cz-Cfi) li@& per MCF of 
methane through pentane (C1-C5) hydrocarbons in the sample. The content of these 
species had increased to  more than 1.20 gallons of C2-C5 per MCF of Cl-Cg before the 
production rate was increased on 11/21/80. All seven gas samples collected and analyzed 
after the rate increase on 11/21/80 contained more than 1.4 gallons of C2<5 NGL per 
MCF of C I - C ~  hydrocarbons. Thus, the higher the &brine ratio, the higher the NGL 
content. 

Close examination of Exhibit 12-30 reveals this generalization to be true for &brine 
ratio fluctuations during each day as well as for the overall trend. It therefore appears 
likely that the fluctuations in gadbrine ratio actually originated in the reservoir. 

One possible mechanism for the fluctuitions to originate in the reservoir is gas 
accumulation in small llpocketsl' characterized by lower capillary pressure &e., larger 
pore throats) than surrounding reservoir rock. The size of such "pocketswf can be 
estimated from the surplus gas in a single positive fluctuation in &brine ratio: 

The volume of gas produced during a 2-hour, positive, 5 SCF/STB fluctuation in &brine 
ratio, while producing at a 1500-bbl/day rate, is 625 SCF. Assuming this gas comes from 
1500 psi drawdown of a gas-filled porosity of 8%, the 625 SCF of produced gas would 
have originated from a "pockettf having a volume of about 100 cubic feet-of reservoir 
rock. 
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When such **pocketsn are combined with previous observations and conclusions, the 
emerging reservoir model exhibits the following characteristics: 

0 Produced gas is thermogenlcally mature and probably originated at much greater 
depth. 

0 The estimated NGL content of free gas (3.0 gal C2-C5/MCF Cl-Cg) may be that 
for differential liberation from saturated brine from much greater depth. 

0 Multiple small accumulations (a few MCF each) of free gas existed in the 
vicinity of the wellbore prior to start of brine production. 

At the same time, many questions cannot be resolved with the limited data and ancillary 
investigation possible within the cost  constraints on this test. Among these are: 

0 Whether continuing drawdown would have ultimately provided commercially 
interestin production rates (as occurred on the test of the Lear G. M. Koelemay 
No. 1 Well 5 . 
Whether the wpockets** of gas reflect only critical gas saturation or contain 
regions of higher gas content. 

Whether reservoir heterogeneity in pore throat sizes over distances of 10's of 
feet  can indeed result in capillary pressure drive of diffusion to create gas 
npockets** that are stable over geologic time. 

Whether shale stringers or C02 have a role in controlling producing 
characteris tics. 

0 

0 

0 
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1265 

Sections 12.6.5.1 through 12.6.5.3 Drovide details of 

Brine Sample Collection and Analysis 
L" 

bottomhole brine samples, post- 
separator brine sampliGg by IGT, 'and brine samples collected and analyzed by other 
parties. Section 12.6.5.4 provides an overview discussion of analytical results. Finally, 
unique characteristics of this well related to carbon dioxide and sulfur are discussed in 
Sections 12.6.5.5 and 12.6.5.6. 

1263.1 Bottom-hole Samples Two samples were successfully collected from a 
depth of 9743 feet  (2 feet  above the top perforation) on 11/13/80, before the start of 
production testing. After transport to IGT, the samples were flashed to separate gas 
from brine on 11/20/80 and 11/21/80, as previously described in Section 12.6.3.1. In this 
report the word refers to reducing pressure to ambient atmospheric pressure, 
without regard to temperature. 

The brine from both samplers was found to be dark and murky because of a black 
precipitate, but the second was less dark than the first. The precipitate was s t i l l  present 
after the pH was lowered to about 0.5 and raised to  about 10 by adding nitric acid and 
sodium hydroxide, respectively. All of the brine analyses on the downhole samples were 
done on portions acidified with nitric acid and then filtered, except for the analysis of 
acid-liberated C02. The C02 analysis was done on an unfiltered portion made basic with 
sodium hydroxide to avoid Co;! loss prior to acid liberation. Laboratory analysis 
procedures were as set forth in Appendix M. Results of these analyses are tabulated in 
Exhibit 12-31. 
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Exhibit 12-31. BRINE ANALYSIS RESULTS FOR BOTTOMHOLE SAMPLES COLLECTED 

11/13/80 AND FLASHED 11/20/80 AND 11/21/80 

Component 

Sus endedsolids, 
mg P 1 

Acid-Liberated C02, 
mg HCOi/l 

Si02, mg/l 

Sample 
No. 1 - 

112 

3270 

150 

6500 

1.9 

36 

6.0 

38 

15.9 

55 

3.4 

Sample 
No.2 - 

118 

3090 

190 

6400 

1.6 

36 

3.1 

89 

3.6 

58 

20.2 

Sample 
No. 1 Component - 

110 

166 

3.8 

26 

7.8 

1.04 

4600 

260 

7.6 

0.82 

Sample 
No. 2 - 

250 

126 

55 

2.1 

26 

7.6 

0.58 

4700 

450 

6.8 

1.14 

12.632 SeparatoroUtpUtSamp~ Surface samples for brine analysis were 
collected from a tap off the inlet to the brine metering skid. This tap was downstream 
from the separator vessel, by about 15 feet  of 3-inch piping, and upstream of the 
separator dump valves. The sampling point was at the same pressure and temperature as 
the separator. 

Samples were collected and analyzed using the IGT procedures described in Appendix M, 
which are in accordance with the intent of the uniform plan for testing geopressured 
aquifers under development by McNeese State University. 

Complete laboratory analyses were performed on three samples selected from the 
beginning, midpoint, and end of the test sequence. Results from daily field analyses 
beginning 14 hours after bottoms-up, plus the three complete laboratory analyses, are 
shown in Exhibit 12-32. 

DOE CONTRACT NO. 
DE-AC08-80ET-2708 1 

Eaton Industries of Houston, Inc. 
Eaton Operating Co., Inc. 

3104 Edloe, Houston, Texas 77027 

12-79 



Temperature 

PH 
Specific Conductance 
Suspended Solids 
Dissolved Solidr 
Alkalinity 
Total CO2 

A3 
si02 
c1- 
f 
S2- 

c x 
0 

c1- 
f 
S2- 

c x 
0 

so$- 
AS 

B 

Ba 
Ca 
Cd 
Cr 
cu 
Pa 

H 8  
R 
Mu 
Mn 
Na 
Pb 
Sr 

Zn 

*Field Analyses only. 

c. 
PIJ w 
h) 

Units - 
.C 

mhoslcm e 25.C 
WIL 

RESULTS OF ANALYSIS OF POST-SEPARATOR BRINE FROM THE 
RIDDLE-SALDANA WEU #2 

17 Nov 80 18 Nov 80* 19 Nov 80* 20 Nov 80 21 Nov 80* 22 NOV 80 Analytical Estimated 

Accuracy Mean 1025 1135 1256 1116 1603 1137 

75 81 85 86 95 95 I 86.5 

6.3 0.1 6.5 

135 139 117 71 82 82 1 104 
13,100 12,500 13.300 12.700 12,700 12,400 100 12,800 

6.5 6.6 ’ 6.7 6.6 6.3 

18,000 tA,2n0 18.200 100 18,200 18.300 18.300 18,400 

1.730 
2,080 

12 
120 

6,700 
1.6 

C0.5 

35 
C1.6 

90 

8.0 
50 

2.9 

41 

13 
21 
1.1 
24 
7.0 
0.33 

4.620 
11.8’ 
6.4 
0.31 

1.660 1.650 i.,bin 

2,140 2.160 2r120 
I 12 12 11 
140 130 130 

6,600 6,800 6,700 
1.6 

c0.2 <0.2 <0.2 

32 
‘1.6 
86 
8.1 
40 
0.3 
c 5  

< ?  
6.7 
1.6 
25 
7.4 
0.19 

4,620 
5.9 
6.2 

0.5 

l,bM 1 . m  
2,440 2,470 

11 11 
130 120 

6,500 6.500 
1.7 

‘0.2 ‘0.2 
31 

<1.6 
88 
7.8 
48 
0.9 
46 

2 
3.4 
3.4 
24 
6.7 
0.11 

4.630 
0.9 

6.4 
SO, 03 

10 
10 
1 
10 
100 
0.1 
0.2 
1 
2 
1 

0.5 
1 

0.1 
5 
1 

0.1 
0.1 
1 

0.1 
0.01 
10 

0.2 

0.1 
0.01 

1,650 
2 , 240 
11.5 
128 

6,630 
1.6 

CO.2 
33 

‘1.6 
88 
8.0 
49 
1.4 
4 1  
e 5  

10.4 
2.0 
24 
7.0 
0.21 
4.620 
6.2 
6.3 
e0.13 

Standard 
Deviation 

7.0 

0.2 
125 
27 
320 

40 
160 
0.5 

7 
110 



126S3 Brine Samples by Other parties: Representatives of the following 
organizations collected brine samples on location: 

0 Weatherly Laboratories 0 US. Geological Survey 

0 McNeese State University 0 Matson and Associates 

Lafayette, La. NSTL Station, Miss. 

Lake Charles, La. Houston,Texas ' 

0 U.S. Geological Survey 
Menlo Park, Calif. 

'Other organizations invited to participate in sampling and analysis included the 
University of Texas at Austin, Lawrence Berkeley Laboratory, and Louisiana State 
University. 

A combined sample log showing times of sample collection, location and type of samples 
collected, tests performed on location, and tests intended to be performed off-location is 
presented in Appendix I. 

Results of brine analyses, by parties other than IGT, that have been provided to IGT 
since the test are presented by organization below. 

0 USGS Gulf Coast Hydroscience Center= Letters from Thomas F. Kraemer dated 
January 22, 1981, and April 22, 1981, provided the following results from mea- 
surements of radium 226 and the uranium content of produced brine: 

234u/238u 
Date - Time 226Ra, dpm/l u, lldl Activity Ratio 

11/17/80 11:35 

11/18/80 11:12 70 . 93.93 
11/19/80 13:05 68 . 921 3 8  

0,044 1.347 

11/20/80 1 lt29 77 521 .76 

11/21/80 16:33 62 . 622.35 
11/22/80 11:43 66 .2%.42 
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t 
In his letters, Mr. Kraemer advised that the radium 226 concentrations were 
"somewhat surprisingly high for the salinityt1 and that the 0.44 mg/l uranium 
content should be considered a maximum due to filtering problems caused by the 
high concentration of suspended matter in the sample. He observed that this 
maximum for uranium content is very low, but consistent with values he has 
found for other geopressured wells. 

0 MatsonandAssociates(Matson): The complete report of results of analyses 
performed on-site by Matson is provided as Appendix N. Analyses of both brine 
and solids are included in this report. 

For direct comparison with IGT values, Exhibit 12-33 provides the Matson brine analysis 
data expressed in the Same units used by IGT. Most of the values measured by both 
parties are in good agreement. Exceptions have been discussed by IGT and Matson with 
the following conclusion: 

0 Fe (Matson, 0.09-11 mg/I; IGT, 3.4-21 mg/& The differences may largely be due 
to differences in sampling points and times. The only samples where consistent 
results should be expected were collected after the separator at 11 16 hours (IGT) 
and 1230 hours (Matson) on 11/20/80. Reported Fe concentrations for these 
samples are 6.7 mg/l (IGT) and 0.09 mg/l (Matson). The difference may be 
because IGT's sample was filtered during collection, whereas the Matson sample 
was filtered roughly 10 to 15 minutes after collection in an open vessel but 
before analysis for Fe. A large portion of Fe in the Matson sample was assumed 
by both parties to have been precipitated due to loss of C02 and to contact with 
air. The precipitate would then have been trapped on the filter before analysis. 
Both parties will use on-line filtering at sample point temperature and pressure 
on future tests. 

e Weatherly Laboratorie!s, Inc: Brine samples collected by Weatherly 
No chemical Laboratories, Inc. were for physical properties measurements. 

analyses of brine were performed. 

126.5.4 Discuffion of Analytical Results: All reported concentrations for several 
species were consistent. The average concentrations in Exhibit 12-32 are probably 
representative of brine in the reservoir for the following: 

0 "3 0 Na 

0 CL- a Sr 

0 F- - 
a so4 

- 
0 K O S  

DOE CONTRACT NO. 
DE-AC08-80ET-27081 

Eaton Industries of Houston, Inc. 
Eaton Operating Co., Inc. 

12-82 
31 04 Edloa. Howton, Texas 77027 

f 

L" 

c 
1 
c 

t 
i 
t 
t 
L 

I '  
b 

t 
t 
b 

t 

- i  

4 d -  
t 
ha 
r 

1 



RESULTS OF BRINE ON-SITE ANALYSES REPORTED 
BY MATSON & ASSOCIATES FOR THE RIDDLE-SAL,DANA WELL 62 

20 nw 80 16 1l0* 80 17 nor no 11 nor eo 18 Ilm 80 18 llor 80 19 na* 80 16 lor 80 
A 1400 1400 1255 1315 A 1230 bit. 2330 

Taponturr *C 65.5 65.5 79.4 19.4 90.6 90.6 95.0 95.0 

6-34 6.95 7.05 7.20 7-23 c 6.49 7.09 6.42 

Gmductivlty pahofcm 176500 

1,716 
20.760 22,300 24,000 23,000 18.m 25.000 23.900 

1.854 1,Y76 1,820 1,781 1,795 1,854- 

117 112 125 uo 1% 120 8% 114 

c1- 6 . 3 1  6 ,41  6,360 6,420 6,430 6,400 6.610 
)I 

0 0.2 Crou 0 0.1 0 0.24 82- 

80," 0 0 0 0 0 0 0 
z w 

CB l u / L  58.5 53.1 52.1 59.3 60.9 51.3 48.1 

?a m/L 4.4 3.65 5.0 1.7 11.0 1.0 7.5 0.09 (aolrfiltorod) ( f i l tend)  

IWrdnema Iuc.c6Jh 212 I74 178 176 168 188 164 144 

IlaiVr. Of tloPtm ID Mlll6W23YM M11165023oC R8111760141M rSll7801410A M11188012554 U118BO13UB BS1119601230A RSll2080bll%lA 
After W u n t o r  After M e  ?mm Traa Tank Aftor 6rp.rotor Doforr Soparotor After (kparotor After 8oporotor 

* maan TmMn of Rice Unlvoroity has verbally rolrtod that sopla colhctod ahortly rftor bottoao up OQ 11/16/80 had tho hi& valum of 
224s ma ram;/r. ne 



Several other species exhibited a reasonably consistent decrease with time. These are 
the following: 

0 Total suspended solids 

0 Fe 

e Mn 

0 Pb 

0 Zn 

The metals, Fe, Mn, Pb, and Zn are proably of anthropogenic origin. Their decrease is 
the result of the purging action of the brine flowing through the wellbore and plumbing. 
The lowest values are probably an upper limit for their true concentrations in the 
reservoir brine. The decrease in the production of total suspended solids is probably, a 
clean-up of material either introduced during drilling or broken loose from the reservoir 
formation during perforation and initial flow. The analysis of the total suspended solids 
will be discussed in Section 12.6.7. 

Additional species exhibited concentrations in bottom-hole samples that were not 
consistent with trends from surface sample analyses. These were the following: 

0 ca 0 Ba 

0 Si02 

0 As 

0 Cd 

0 c u  
0 B ,  0 CO2 

The variations in As, Cd, and Ca concentrations are probably due to differing amounts of 
these materials in the sampler versus materials introduced with the casing. The lowest 
reported values are probably upper limits for brine in the reservoir. 

The 30%-'15% higher values for Si02 in the bottom-hole samples are not understood. The 
10% to 20% higher Ca content of bottomhole samples may result from formation of 
carbonate precipitates before surface sampling. The variation in total C02 values will 
be discussed in Section 12.6.5.5. The difference in barium between bottomhole samples 
and the consistent surface sample values may be due to residence time in the bottom- 
hole sampler before filtering and subsequent analysis. 

Two of the measured constituents have concentrations that should be noted because of 
their environmental significance. 

e B: One bottom-hole sample had anomalously low concentration. Nevertheless, 
the concentrations found preclude surface disposal of the brine due to its 
phytotoxicity. 
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0 Hg= The variations in concentration are not understood. Nevertheless, the 
lowest measured concentration is well above the 0.10 g/l limit recommended by 
the U S .  EPA for the protection of fresh and marine aquatic organisms and for 
drinking water standards. This will preclude surface disposal of the brine. 

The chromium concentrations for the brine on 11/17/80 and 11/22/80 are essentially the 
same, about 44 @. The anomalously low value, e5 vgCr/l, for the 11/20/8O sample is 
not understood. The much higher values for the bottomhole samples (about 250 ~ / l )  is 
assumed to be due to reactions of brine with sampler components during the week before 
flashing. 

126.53 Tatal produced Cw Portions of the CQ produced from the reservoir 
were determined in four different steps of sample collection and analysis during 
production testing. These steps were the following: 

0 Co;! in the gaseous phase at separator temperature and pressure was quantized 
as a part of flare line gas sample analysis. 

Co;! that  was liberated as a gas when separator brine samples were flashed to 
one atmosphere at room temperature, was quantized in conjunction with that 
flashing. 

C Q  in solution at room temperature, in bicarbonate form, or in dissolved 
carbonates, was determined by acid liberation as a part of brine analysis. 

C% that  precipitated as magnesium or calcium carbonate before brine sample 
collection was quantized only as a part of solids analysis. 

0 

0 

0 

Exhibit 12-34 provides a comparison of Co;! content, except for that in precipitates, for 
the bottomhole samples and for the produced fluids at times of collection of surface 
brine samples for acid liberation analysis. At each of these times, C02 content of flare 
line gas has been estimated from dry gas production, and the gas composition has been 
used to calculate flare gas rate at that time. Exhibit 12-34 reveals that total C02 
content in the bottomhole samples was about the same as estimated for the times of 
coilection of three of the surface brine samples. Ten to twenty percent more COz per 
barrel of brine is estimated at the times of collection of the other three surface samples. 
Whether this greater amount of C02 was actually produced is questionable, because gas 
samples were not collected at the same times as brine samples. Specifically, the flare 
gas Co;! content of 3925 mg C@/1 of brine tabulated for 1256 hours on 11/19/80 is 
probably erroneously high. This is because produced gadbrine ratios averaged only 46.5 
SCF/STB at times of collection of the three gas samples on that date. In contrast, the 
produced gas/btine ratio was 51.6 SCF/STB at the time of collection of the brine samples 
(1256 hours). If the absolute amount of CQ, rather than mole percent, in produced gas 
was constant, flare gas C% content would have been 3540 SCF C@/STB. Calculated 
total C% at 1256 hours on 11/19 would have been 5200 SCF Co;!/1 of brine rather than 
5585 SCF CQ/L 
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Exhibit 12-34, TOTAL CO, CONTENT OF GAS AND BRINE 

Brine Sample Collection 

Time - Date 

Bottomhole Samples 

1 111 3/80 1518 

11/13/80 1711 

- 

Surface Samples 

11/17/80 1025 

11/18/80 1135 

11/19/80 1256 

11/20/80 1116 

11/21/80 1603 

11/22/80 1137 

To Flare Flashed Acid Liberation Total 

N.A. 

N.A. 

3010 

3520 

3925 

3340 

2890 

3170 

2290 

2540 

100" 

loo* 
loo* 
100" 

300* 

300" 

2360 

2230 

1500 

1540 

1560 

1530 

1760 

1780 

4650 

4770 

4610 

5160 

5585 

4970 

4950 

5250 

N.A. = Not applicable. 

"Estimated values assuming 0.3 SCF C02/STB at a separator pressure of 60 psig and 
assuming 0.9 SCF C02/S1"B at a separator pressure of 200 psig. 
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12.6.5.6 SulfutContentof E'roducedFluidst The hydrogen sulfide content of 
produced gas was substantially higher than for any previous test of a geopressured 
aquifer. Seven Length of Stain Tube (Draeger Apparatus) measurements, at a separator 
pressure of about 60 psig and after bottoms-up, averaged 74 ppm. Measured values were 
between limits of 57 and 93 ppm. 

After increasing separator pressure to about 200 psig, two measurements yielded values 
of 34 and 32 ppm H2S in flare line gas. Assuming total sulfur content of produced fluids 
to be constant per barrel of brine, the expected increase in S' concentration in brine due 
to the 40 ppm decrease in H$ content of gas is 0.4 mg S=/l. 

Both measurements of S' in brine after increasing separator pressure to 200 psig gave 
concentrations of approximately 0.2 2 0.2 mg/l. In contrast, a value greater than 0.4 
mg/l is required for consistency with the measured H2S content of flared gas. 

The analyses performed have been carefully reviewed. Significant points from that 
review are the following: 

0 Use of Teflon-lined stainless steel sample vessels with stainless steel valves does 
not eliminate the well-known loss of H2S from gas samples due to reaction with 
steel. A gas sample that should have contained about 75 ppm of H2S was 
transported to IGTs Chicago Laboratory by Federal Express. It was analyzed 48 
hours after collection using a Perkin-Elmer Sigma 1 gas chromatograph with a 
flame photometric detector. This instrument has exceptionally high sensitivity 
to sulfur compounds. Several small peaks due to sulfur compounds, including 
HzS, were observed, all below 5 ppm. The total of all peaks was substantially 
below the 75 ppm from field measurements. 

Volatile sulfur-bearing species may h been lost from brine to the atmosphere 
during the minutes required t ach brine sample in an open container 
and carry it to the field labora analysis. 

0 

12.7 S O l i d s P r o d u c t i o n , ~  and CorroSion 

These topics are inextricably interconnected. Produced solids are of three types, 
materials introduced into the well by man (Le., drilling mud), formation material (sand 
and clays), and solids resulting from precipitation of species that are in solution in brine 
at reservoir temperature and pressure. Scaling of surface facilities results from some of 
the precipitated solids becoming bonded t o  the steel walls of surface piping and vessels. 
The test of the P. €2. Girowrd Wel l  No. 1 revealed that as little as two percent of 
carbonate precipitate was bonded to the surface facilities. The vast majority (about 
3000 pounds) was injected into the disposal From the perspective of brine disposal, 

The order of presentation in subsections which follow has been selected to provide 
understanding of results from the experiment. Section 12.7.1 presents data concerning 
time dependence of production of solids with grain sizes large enough to be seen on the 
sonic sand detector or to develop filter backpressure. Section 12.7.2 presents the data 
from X-ray analysis of samples of suspended solids collected during the test and reveals 
complexities in interpretation of X-ray results. Section 12.7.3 describes scale coupon 
observations, combines these with X-ray analyses of scale samples collected from 

osion 
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surface piping after the production test, and develops an estimate of how scaling 
conditions changed during the test. Section 12.7.4 describes collection and analyses of 
samples from the particular solids resulting from the test. Finally, Section 12.7.5 
combines the information from 12.7.1 through 12.7.4 into a reasonable scenario for solids 
production, scaling, and corrosion. 

127.1 

Recorded data from these sources has been examined for clues regarding times of sand 
production and correlations with producing characteristics. A copy of the strip chart 
record from the OIC Sonic Sand Detector is provided in Appendix P. Filter differential 
pressures recorded by IGT are tabulated in AppendixF and portrayed graphically in 
Exhibit 12-14 in Section 12.6.2.5. Filter differential pressures manually logged by 
Weatherly are tabulated in Appendix E. 

The sand detector was located between the choke and the separator. It was exposed to 
all produced sand after star t  of production through the separator at 1600 hours on 

For roughly the first 24 hours of production, produced brine was diverted t o  the reserve 
pit without flowing through the filters because of problems with the injection pump. 
Although the time of start of flow through the filters was not documented, it is 
presumed to have been 1700 hours on 11/17/80, because IGTs digital recording of filter 
pressure drop exhibited a 1.4 psi jump from a previously stable base line value of 1.1 psi 
at that time. Also, Weatherly began manual logging of filter pressure drop at 1700 
hours, the time of their first reading after 1600 hours. 

Sand Detector S i  and Pressure Drop Across Filters 

11/16/80. 

From presumed start of flow through filters until the rate increase on 11/21/80, a 
discrepancy exists between data recorded electronically from IGTs differential pressure 
transmitter and values logged manually by Weatherly from a dial-type differential 
pressure gauge. IGT's recorded values (see Exhibit 12-14 in Section 12.6.2.5) increased 
from 2.4 psi at 1700 hours on 11/17/80 to about 5.7 psi at midnight. During 11/18/80 the 
value increased further to about 8.5 psi. For the next 2-1/2 days until increasing rate, 
only minor fluctuations, in the range of 8 to 9 psi, were observed. 

In contrast, Weatherly logged the value zero until 1300 hours on 11/19/80 and then 2 psi 
until the rate increase during 11/21/80. 

After the rate increased during 11/21/80, IGT and Weatherly data became reasonably 
consistent. Discrepancies are less than 20 percent and values are in the range of 15-25 
psi. 

The data discrepancy is frustrating in its effect on correlation of pressure buildup, sand 
detector signals, and producing characteristics. Various possible correlations are the 
following: 

e After a few minor sand detector signals, the largest signal of the entire test 
commenced at 0930 hours on 11/17/80. This signal averaged roughly 1/3 of the 
most sensitive scale for 1-1/2 hours and then declined t o  zero during the next 
3-5 hours. This sand detector signal correlates with the jump in gadbrine ratio 
from about 40 SCF/STB to about 50 SCF/STB after 1100 hours. 
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a It is conceivable that the filter differential pressure buildup recorded by IGT the 
evening of 11/17/80 reflects washing of previously produced sand from the 
separator to the filters. However, no such buildup was logged by Weatherly. 

During the early morning of 11/18/80, the increased buildup in filter differential 
pressure correlates with a very low level of sand detector signal and with the 
increases in both bottom-hole pressure and brine production rate. Again, no such 
buildup was logged by Weatherly. 

a 

a A series of over a dozen substantial sand detector signals were recorded between 
1000 hours and midnight on 11/19/80. No correlating filter differential pressure 
response was recorded by IGT. However, the change from zero to 2 psi in values 
logged by Weatherly occurred during the second of the signals of this series. 

to roughly 20 psi for filter differential pressure during 11/21/80 was recorded 
by both IGT and Weatherly. This jump correlates with the flow rate increase from about 
1500 bpd to about 2500 bpd. The sand detector showed no significant signal at this or 
any later time. The jump in filter-differential pressure is therefore believed to be due to 
brine rate increase through partially plugged filters. 

Exhibit 12-35 provides an estimate of sand production during the larger observed peaks. 
Although the detailed corrections for non-linearity in the AC-DC convertor in the sand 
detector and for two-phase flow have not been made, this exhibit delineates the times of 
greatest sand production. The calculated total of 979.4 pounds is greater than the 
weight of produced solids found after the test, as will be described in Section 12.7.4. 

The only clear correlation of d detector signal with producing characteristics is 
production of roughly 150 pounds of sand just before the jump in @ b r i n e  ratio from 
near saturation to about 15% above saturation on 11/17/80. The other correlations 
previously discussed are speculative. 

12.7.2 suspended solids 

1272.1 IGT Analyses Samples of suspended solids caught on 0.45 micron filter 
paper were obtained concurrently with collection of brine samples for analyses. Results 
of X-ray diffraction (XRD) and X-ray fluorescence (XRF) analyses of three such samples 
of suspended solids are tabulated in Exhibit 12-36. These three Sam les were collected 
at the same time 

No significant difference second, fourth, sixth days of 
the test. Barium sulfate, assumed to be from the drilling mud, is the major crystalline 
component in all three samples analyzed, with lesser amounts of sodium chloride, quartz, 
and calcium carbonate. Iron was found by XRF to be a minor component in the 
suspended solids samples; however, no crystalline iron compounds-were identified in the 
XRD patterns. 

127.2.2 Analysis by : Matson also collected 
suspended solids by filtering brine samples with 0.45 micron filters. The solid filtered 
material was analyzed using the SEM-EDAX system. Chloride, aluminum, silica, 
titanium and iron were reported to be present (See Appendix N). 

ection 12.6.5.2! 
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- 
SONIC SAND DETECTOR DATA AND CALCULAnONS 

SALDANA WELL NO. 2 

Flow Rate (Q) Fluid Velocity Average Sonic Sand Sand Production Duration of Sand Actual Sand - Time BWPD Pt/Sec Detector Reading Lbe . /Day Production (hra) Production Lbs. 

11-17-80 
11-17-80 
1 1-1 8-80 
11-18-80 I 11-19-80 

P 11-19-80 
;i 
0 11-19-80 

11-19-80 
8 8 11-19-80 
o g  11-19-80 
* 11-19-80 3 11-19-80 

to 11-19-80 
0 0  11-19-80 = 11-19-80 % 2  
3 o 11-19-80 
I' ,=r 11-19-80 

5 11-19-80 
p 11-19-80 

;i" = 11-19-80 g 30, 

11-19-80 
11-19-80 I 

I 
M 

0930-1 130 
1130-1300 
1 21 5-1 3 15 
1015-1 115 
1140-1210 
1235-1315 
1335-141 5 
1435-1450 
1500-1515 
1525-1540 
1550-1605 
1615-1640 
1700-1 740 
1810-1840 
1915-1940 
2020-2040 
2125-2155 
2200-2235 
2255-2320 
001 5-0030 
0205-0215 
0225-0245 

1,515 
1,510 
1,581 
1,570 
1,559 
1,566 
1,553 
1,558 
1,548 
1,551 
1,562 
1,560 
1,555 
1,550 
1,552 
1,552 
1,551 
1,549 
1,530 
1.551 
1,562 
1,560 

1.236 
1.232 
1.290 
1.281 
1.272 
1.278 
1.267 
1.271 

1.266 
1.275 
1.273 
1.269 
1.265 
1.266 
1.266 
1.266 
1.264 
1.248 
1,266 
1,275 

1.263 

1.273 

14 
3 
4 
12 
26 
26 
24 
20 
26 
20 
20 
17 
17 
10 
12 
12 
16 
19 
8 
12 
13 
16 

1887.8 
407.2 
495.2 
1506.4 
3310.3 
3279.3 
3079.8 
2550.4 
3357.6 
2570.6 
2534.4 
2161.0 
2174.7 
1287.3 
1542.3 
1542.3 
2570.6 
2449.8 
1058.1 
1542.3 
1647.4 
2033.9 

206 x SSD Reading 
Velocity' Sand Production Lba/Day = Sample Calculation: 

(For Data on 11-17-80) 

206 l4 = 1887.8 LbalDay 

(1.23612 
I 

2.0 
1.5 
1.0 
1.0 
0.5 
0.67 
0.67 
0,25 
0.25 
0.17 
0.25 
0.42 
0.67 
0.50 
0.42 
0.33 
0.50 
0.58 
0.42 
0.25 
0.17 
0.33 

157.3 
25.4 
20.6 
62.8 
69 .O 
91.5 
86.0 
26.6 
35.0 
18.2 
26.4 
37.8 
60.7 
26.8 
27.0 
21.2 
53.6 
59.2 
18.5 
16.1 
11.7 
28.0 

TOTAL 979.4 
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127.2.3 Dixxlssionof X-Ray Anafyses: Notable differences between IGT and c '' 

bai" Matson X-ray fluorescence results are: 

0 Barium and sulfur are reported as major components by IGT but were not 
identified by Matson. 

0 Titanium and aluminum are reported by Matson, but they are not identified by 
IGT. 

Minor amounts of calcium are reported by IGT, but it is not identified by Matson. 0 

Possible reasons have been identified for these differences. One is that Matson 
apparently used gold to make the sample surface electrically conductive, as is required 
by SEM-EDAX analysis. As a result, the sulfur K X-ray is probably masked by gold M 
series X-rays having essentially the same wavelength. Also, the K series X-ray 
wavelengths for titanium are very close to the L series X-ray wavelengths for barium. 
The aluminum identified may be due to the mount for the sample. Since IGT identified 
barium sulfate by X-ray diffraction, it is possible that the titanium reported by Matson 
is in fact barium. Finally, the peaks in Figure 14 of the Matson report (Appendix N) are 
quite small for all reported species, due to the very large peak for the gold M series 
X-rays. The peak corresponding to the minor amount of calcium reported by IGT may be 
lost in noise in the Matson analysis. 

12.73 Scalingandcorrosion 

Matson closely monitored surface equipment for scaling and corrosion during the entire 
test. Their work included use of corrosion coupons, as) will be discussed in Sections 
12.7.3.1 and 12.7.3.2, and the on-site brine analyses previously discussed in Section 
12.6.5.3. The complete report by these investigators is prdvided in Appendix N. 

No scale inhibitors were tested, due to lack of serious scaling. 

1273.1 Corrosion Coupon and Scaling of Piping= Corrosion coupons were 
installed in the data header between the choke and the Separator. Two long-term and 
ten short-term mild steel coupons were exposed to brine flow. The coupons were 
affected by both mild deposition of a black substance and! by mild corrosion. 

Short-term coupons revealed negligible deposits or corroSion at the start of flow. During 
the remainder of brine production at a rate at about 1500 bpd, mild deposition of a black 
substance plus mild corrosion pitting was observed on alli coupons. The coupon which was 
in place only after Increasing the flow rate and separator pressure during 11/21/80 
exhibited mild corrosion and no deposition. 

Whi le  surface facilities were being dissassembled for transport on 12/2/80, they were 
examined for scale deposition. All surface piping between the choke and the settling 
tank was covered with a thin veneer of shiny black scale. Between the choke and the 
separator, this scale was tightly bonded to the pipe. Scoring of the scale followed by 
multiple heavy blows on the outside of the pipe with a hammer loosened small flakes. 
Scale was not as tightly bonded downstream from the separator. One or two hammer 
blows provided flakes without pre-scoring. A few samples of about 1 cm2 each were 
collected from both upstream and downstream of the separator. 
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Piping in the flowstream contained no solids other than the scale. Minor amounts of 
solids had collected in "dead-endstt in the piping but samples were not taken due to much 
larger amounts in the separators, filter, and settling tank, as will be discussed in Section 
12.7.4. 

12.732 Analyses of Scale Samples: Scale samples were analyzed using scanning 
electron microscopes equipped for energy dispersive X-ray analysis. Analysis of scale on 
corrosion coupons was reported by Matson. In addition, analysis of the scale samples 
recovered from piping upstream from the separator and downstream from the  filters was 
made by Walter C. McCrone Associates, Inc. under a GREfunded subcontract from IGT. 

Reports by both organizations are in Appendices N and 0. Exhibit 12-37 summarizes 
findings reported by both. A phenomenological interpretation to be set forth below is 
plausible if the  following assumptions are correct: 

e that  the Matson report text does not mention sulfur due to sulfur K X-ray 
masking by the large gold M series X-ray peak due to the gold coating. Sulfur is 
identified in Figures 7 and 12 of the Matson report in Appendix N for coupon 
3666 and for the deposit from coupon 3622. The sulfur peak on the right side of 
the gold peak is discernable in these figures. Further, the relationship to the 
very large iron peak height is consistent with that in Figure 4 of the McCrone 
report in Appendix 0. (The McCrone sulfur peak is not masked, because carbon, 
rather than gold, was used to make the samples conductive). 

that  the titanium identified by Matson is actually barium (Ti K wavelengths are 
very close to Ba L wavelengths). 

0 
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Photo 12-9 Scale/Corrosion coupons being checked by a member of the Matson and 
Associates team 
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Exhibit 12-37. ANALYSES OF SCALE 

species 
Description Identified* 

3675 1515 hrs 0915 hrs Black Scale and 
1 1 /la/ 80 11/20/80 Corrosion 

Fe, Ca, Si, Al, C1 

- 3666 1125 hrs 1015 hrs Black Scale and Fe, S, Si, Ca, 
11/18/80 11/19/80 Highest Weight Gain Al, Mg, Ti 

11/21/80 11/22/80 Scraped Off Coupon Ca, Ma, Ti 
3622 0600 hrs Colodess Deposit Fe, Si, S, Al, Cl 

McCrone Pipe-Scale Analyses: 

Sample Source Incidence Species Identified* 

Between Choke Side Nearest Major: Ca, Fe 
and Separator ' Pipe Minor: Na, C1, Al, Si, S 

Between Choke 
and Separator 

Between Filters Side Nearest Major: Fe, S 
and Settling tank Pipe Minor: Na, Si, C1, Ca 

Between Filters Side Farthest Major: Ca 
and Settling Tank From Pipe 

Sideof Beam , 

Major: Fe, S, C1, Ca 
Trace: Na, Al, Si 

Minor: Al, Si, S, 61, Fe 

*Approximate order of abundance. 

* .  . -  

a 
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A first and important step in phenomenological interpretation is to recognize the 
dichotomy between the two pipe scale samples studied by McCrone. Examination of the 
edge of the scale chip from upstream of the separator revealed a calcite layer bonded to 
the pipe and then overlain by a layer of an iron sulfide such as pyrite or pyrrhotite. 
Similar examination of the scale chip from between the filters and separating tank 
revealed the same layers but in opposite order. The iron sulfide was bonded to the pipe 
and then overlain by calcite. 

If the assumptions previously stated are true, the black color of deposits on both pipe and 
coupons was due to an iron sulfide. Further, the large amount of iron in relation tot 
calcium for the coupons that were only in the flowing stream before the 11/21/80 rate 
and separator increase suggest that the calcium bonded to pipe was residue from a 
previous test. It therefore appears that scale formed early in the test was predominately 
iron sulfide. 

After the rate, separator pressure, and temperature increase during 11/21/80, scale- 
forming characteristics changed dramatically. The iron sulfide component on coupon 
No. 3622 may well have been laid down only during the 3-1/2 hours that the coupon was 
in place before the increases. This would bring weight gain into line with the previous 
short-term coupon (No. 3612). Lack of color in the deposit on coupon No. 3622 would 
have been due to the very small amount of iron sulfide and possible overlayering with 
Si02 Such overlaying is hypothesized due to the large Si peak in Figure 12 of the 
Matson report and the similar peak in Figure 3 of the McCrone report. 

In contrast, at the pressure of near one atmosphere in the line between the filters and 
settling tank, the rate increase appears to have triggered calcite scale deposition. A 
substantial amount of such scale overlays the iron sulfide at that point. However, the 
amount was not large enough to obscure the h k k  color. 

12.7,4 Additionai produced SoJids 

Substantial quantities of particulate solids were deposited in the separator and settling 
tank during this test. Collection and analysis of samples from these sources, plus the 
modest amount of material caught by the filters, are discussed in Section 12.7.4.1 and 
12.7.4.2. 

lZ7e4el Sampling of Separator sludge, Solids from the Filter, and Settling lank 
Solids= A unique characteristic of this test was use of a horizontal, rectangular, open- 
top, 220-barrel settling tank between the filters and the disposal well. The tank was 
divided into two compartments by a vertical wall about 40% of the distance from one 
end to the other. Fluid was injected into the smaller compartment from the top. Flow 
between compartments was through a 6-inch diameter hole at the bottom of the wall and 
in the center of the tank. The outlet from the tank to the injection pump suction was a 
6-inch diameter opening at a bottom comer on the end of the large compartment 
farthest from the fluid injection point and dividing wall. 

After the test, fluid was pumped to the injection well until air entered the pump suction. 
The tank was then allowed to cool overnight to eliminate the visibility problem due to 
water vapor. The next morning, a solids/water interface was clearly visible in the 
smaller compartment. Thickness of the layer of solids varied with position between zero 
and four inches. However, very fine dispersed solids remained suspended in the second 
compartment and were uniformly distributed over the bottom. 
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Photo 12-13 Close-up of ICT temperature and pressure transducers on disposal well 
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I A substantial portion of remaining water was removed from the tank over the next 24 
hours by using small hydraulic jacks to slowly elevate the inlet end of the tank in 
increments. This slow drainage was nevertheless accompanied by washing roughly five 
percent of very fine solids from the large compartment onto the ground. Most of this 
was from a trench through the solids due to water flow from the small compartment. 

Six slurry samples were then collected from each compartment in the tank. In addition, 
a large number of measurements of slurry depth were made and total slurry volume in 
each compartment was calculated. Slurry volumes were 11.5 f t 3  in the inlet compart- 
ment and 27.9 ft3 in the outlet compartment. 

of the twelve samples to determine solids content of the slurry consisted of the 
following steps. 

1. 

2. 

3. Calculate the 

1 
W 

Id 
Ld 

L Centrifuge each sample to concentrate the slurry. 

Decant water off each sample and measure water volume, concentrated slurry 
volume and conc 

Ue for each tank compartment for concentrated slurry 
density and pounds of concentrated slurry per cubic foot of initial slurry. 
Results were 31.5 pounds/ft3 plus a concentrated slurry density of 1.236 g/cc for 
the inlet compartment and 20.4 lbs/ft3 plus a’concentrated slurry density of 
1.208 g/cc for the outlet compartment. 

Average grain density for each compartment was measured on a dried portion 
after samples from that compartment had been composited. Results were 3.44 
g/cc for the grain density in t compartment and 3.28 g/cc in the outlet 

The portion of concentrated slurry weight per cubic, foot of water in each 
compartment due to solids was then calculated from the slurry density and grain 
density. Results were 37.5% for the inlet compartment and 33.8% for the outlet 

h 

L 

b 

Jbi compartment. 

4. 

5. 

F compartment. 
L Pounds of solids in each compartment were then calculated by multiplying the slurry 

volume in each by resul above. Results are: 

I 

I Solids in Inlet Compartment 
Solids in Outlet Compartm 

Total Solids in Settling 

id 

I; 
An independent estimate of produced solids passing out of the separator is provided by 

ds measured on 0.45 micron filter paper during collection of suites of 
erage suspended solids rewrted (Exhibit 12-32) for the five daily brine 

s t a r t  of flow to the settling tank was 98 m /1 or 0.0343 pounds per 
barrel. Thus, the 7260 barrels produced after 1700 hours on 11 f 17/80 would have carried 
250 pounds of solids to the filters and settling tanks. 

’ \  

L 
L 
c 
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While  the surface facilities were being dissassembled for transport on 12/2/80, quantities 
of contained solids were estimated and samples were collected as follows: 

e Surface PiPingr Piping in the flowstream contained no solids other than the side 
previously discussed. Samples were not collected from the small amounts of 
solids at dead ends in the surface piping. 

e Separatoxz The separator was designed for three-phase operation, However, it 
was used as a two-phase separator with brine exiting from the Itoil dumpon A 
layer of about 6 inches of solids was found at the inlet end of the separator. A 
small amount of solids was also recovered from the "water dump" fitting. 
However, the smaller amount suggests that  the layer of solids in the separator 
did not extend to that position (about 5-6 feet  from the inlet end). Assuming a 
density of 100 pounds per cubic foot, the quantity of solids in the separator after 
the test is estimated to be about 50 pounds. A sample was collected for 
laboratory analysis. 

e F i i  Unie One filter tower was used for the entire test. Pressure drop across 
filters was a maximum of 25 psi VS. a rating of 50 psi. 

When the unit was opened after the test the only solids were those on the 
individual filter elements. Total amount was only about 10 pounds. A single 
sample, consisting of solids scraped from multiple filter elements, was collected 
for analysis. 

127.4.2 
A total of four samples of solids, collected after the production test, have been 
analyzed. These samples are: 

Analysis of separator Sludge, Solids from the Filter, and Settfing Tank Solids 

e Sludge from the Separator 

e Solids from Filters 

e A composite of the six samples from the inlet compartment of the settling tank 

e A composite of six samples from the outlet compartment of the settling tank. 

These samples were collected as previously described in Section 12.7.4.1. Several 
analyses were performed on portions of each sample. These analyses, plus calculations 
performed to  estimate composition of the solids, are as follows: 

1. Determine Initial Weight 

The portion of each sample to be analyzed was dried and then weighed to 
establish initial weight. 
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2. Perform Acid Liberation of C02 

The weighed sample was placed in a closed system and treated with boiling 6E 
HCI. This treatment breaks down all carbonates and drives all C02 off the 
system. The liberated Co;! was trapped on previously weighed Ascarite. The 
Ascarite was then weighed a@n to determine the weight of Co;! liberated from 
the sample by the acid. Tha weight was then divided by initial sample weight 
and expressed as wt % C@ of the total sample. Results are tabulated in Exhibit 
12-38. 

Separator Solid Residue from Acid Solution 

This separation was performed by filtering. Subsequent work on the solid and 
liquid fractions is described below. 

3. 

4. Analyze the Solid Residue 

The solid residue from filtering each sample in Step 3 was dried and then 
weighed. The weight percent residue was calculated using the initial weight 
from Step 1 and is tabulated in Exhibit 12-38. 

X-ray diffraction analysis was then performed to identify compounds in 
crystalline form in the samples. The only crystalline species identified were 
barite and quartz. 

Finally, the percent barite in three of the samples was estimated by measuring 
the density of the solid residue and assuming that the only constituents were 
barite (density = 4.5 g/cc) and quartz (density = 2.66 g/cc). Again, results are 
tabulated in Exhibit 12-38. 

5. Analyze the Acid Solution 

The volume of the acid solution from Step 3 was measured. The solution was 
then analyzed to determine concentrations of Na, K, Ca, Mg, Fe and Ba. Weight 
of each of these species was calculated by mdtiplying the concentration of each 
species (expressed in mg/l) by volume of the  acid solution. This weight was in 
turn expressed as weight percent of the initial sample by dividing by the weight 
determined in Step 1. Results are tabulated in Exhibit 12-38. 

4. 

Step 5 above defined ercent of initial sa six species that 1 

deduce probable associated anions is calculation of C02 that would have been 
liberated in Step 3 above if all of the calcium and magnesium were in carbonate 
form in the initial sample. Results of this calculation are shown in Exhibit 

ovided excellent agreement with measurement 
composites from the settling tank. However, 

ents of calcium 

sample. The first 
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ANALYSIS OF SOLIDS COLLECTED AFTER THE PRODUCTION TEST 

Sample C02 liberated by ----- Residue 0--- 0- Cations in  Acid Solution (wt X )  -- 
Description boiling 6NHa - (wt  X )  Total Barite* Quartz* Na K Ca MI3 Fe Ba 

w t X  wtX wtX 

Sludge from 
Separator 

Solids from 
Filter 

1.6 

10.9 

Settling Tank 2.7 
Inlet Compartment 

Settling Tank 
Outlet Compartment 3.2 

89.6 58.2 31.4 0.54 0.038 0.83 0.104 2.4 0.022 

69. ND+ ND+ 0.77 0.052 4.7 0.23 9.0 0.008 

77 42.4 34.6 1.4 0.10 2.2 0.21 5.7 0.23 

67.6 . 31.8 35.8 1.8 0.21 2.6 0.23 8.0 0.56 

* Calculated from residue density assuming that the residue is composed only of barite and quartz. 
+ N.D. 9 not determined 

c 
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ESTIMATED COMPOSITION OF k r n  SOLUBLE SOLIDS 
(A) Sources of Acid Liberated C02 

\ .  

Fe(wt X )  
Calculated for Required for FeCOq 

~ Sample Description Measured Ca'+  Hg as Carbonates to Provide Missing e02 

Sludge from 1.60 1.10 
Separator 

10.9 5.6 
Filters 

Settling Tank 2.7 2.8 
Solids - Composite A 

0.63 

6.7 

-0- 

Settling Tank 3.2 3.3 4 
Solids - Composite B 

(B) Calculated Mass Balance 

. 4: of Camponent 
Calculated for Measured Total 

(Ca,lQ)CO3 FeC12 FeC03 BaClz Residue 

1.45 2.43 4.02 1.31 0.03 89.6 98.8 

. 06 5.22 13.90- 0.01 69. 102 . 7 
-0- 0.35 77 . 100 . 3 
-0- 0.85 7.6 98.9 
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and magnesium were not sufficient to account for all the acid liberated C02. 
Further, the only identified cation with sufficient abundance to account for the 
"missing" C% from solids on the filters was iron. It was therefore assumed that 
iron carbonate (siderite) was a component of the solids. The sample weight 
percent of iron required in siderite is tabulated in Exhibit 12-39, Part A. 

Finally it was hypothesized that the remaining acid-soluble species were 
chlorides. Credibility of this hypothesis was tested by calculating a mass 
balance. Results are shown in Exhibit 12-39. The calculated total solids 
accounted for with these assumptions ranges between 98.8 and 102.7 percent of 
original sample. This agreement is within the range of experimental error for 
the analyses performed. 

X-ray diffraction analysis of solids from the filter did confirm the hypothesized 
siderite (FeCO3). The diffraction patterns for barite (BaSOg), quartz (Si021 and 
aragonite (CaCO3) were clearly identified. Also, ankerite (Ca (Fe.33 Mg.67) Cog) 
appeared to be present. However, this compound cannot both account for the acid 
liberated C02  and provide an adequate mass balance. 

127.43 GrainsiZeDistribution= Grain size distributions were determined for 
two separate portions from each sample analyzed, as discussed above in Section 12.7.4.2. 
Pre-treatments of the separate portions of each sample before each pair of grain size 
distribution measurements were the following: 

e Wash one portion with de-ionized water to dissolve salts from evaporation of 
reservoir brine. 

e Wash the separate portions with room temperature 1 5  HC1 to dissolve salts and 
to decompose carbonates. 

Thus the difference between size distributions in each pair is that the first distribution is 
representative of total solids, whereas the second describes only the portion that is not 
acid-soluble. Subtracting the second distribution from the first would provide an' 
estimate of the size distribution for carbonates precipitated from the brine. The 
procedure used for each grain size distribution measurement was as follows: 

1. Pre-treat the sample portion by stirring in a beaker of deionized water or 1E 
HCL 

2. Pour the slurry through a 75-micron opening (200 mesh) nylon screen and chase 
with de-ionized water. Material passing through the screen was caught on a pre- 
weighed Whatman 40 (8 micron) filter paper. 

3. Dry both fractions and weigh to determine fraction smaller than 75 microns. 

4. 

50 

Determine distribution of sizes larger than 75 microns by dry screening. 

Determine size distribution of material from the filter paper using a Coulter 
Counter that identifies twelve steps in the range of less than 4.0 microns to less 
than 50.8 microns. 
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6. Appropriately normalize results of 4 and 5 above, using weights determined in 
Step 3, to provide each column tabulated in Exhibit 12-40. 

It is noted that this procedure did not quantitatively account for either the size step 
between 50.8 and 75 microns or for particles less than 4-8 micron diameter in the 
original sample. 

Examination of Exhibit 12-40 reveals that, with the exception of solids from filter, 90% 
of solids in each sample were smaller than 20-25 microns (25 microns = 0.001 inches). 
Visual examination of sizes greater than 75 microns from the filters revealed that (i) all 
particles greater than 1180 microns were filter fiber, (ii) filter fibers were visible in all 
size fractions down to 75 microns, and (iii) other particles larger than 75 microns 
appeared to be lumps of agglomerated, very fine grain material, rather than individual 
grains, such as sand. 

1275 Scenarh for Production and Precipitation of Solids 

Several aspects of the data and analyses previously presented require that subjective 
judgement and speculation be used to develop any consistent scenario for production and 
precipitation of solids. Nevertheless, most elements of such a scenario are set forth in 
sections which follow. Section 12.7.5.1 addresses total quantity of produced solids. 
Section 12.7.5.2 examines the amounts of various species. Finally, Section 12.7.5.3 
addresses time dependence of solids production and scaling. 

127S.l Quantity of Produced Solids: Examinati of surface test facilities 
after the test identified an estimated 380 pounds of particulate solids. The majority of 
this, an estimated 320 pounds, was in the settling tank. 

Total production of solids was probably greater than ove estimate. Two reasons 
for this belief are: 

e Fluids were produced through the separator to for about the first 22 hours 
after bottoms-up. The filters and settling tank were bypassed until successful 
operation of the inje 

0 It is probable that tial amount of ultra-fine-grained material was 
transported through the settling tank and injected into the 

A crude estimate of solids production during the first 22 hours can be derived from the 
quantities of suspended solids determined in conjunction with daily collection of suites of 
brine samples. Exhibit 12-32 reveals that suspended solids were 135 mg/l at 1025 hours 
on 11/17/80, Between bottoms-up and 1700 hours on 11/17/80, 1330 barrels of brine 
were produced. Using this concentration and brine volume provides an estimate of about 
65 pounds for solids production to the resefve pit. 

mp commenced at about 1700 hours on 11/17/80. 
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PARTICLE SIZE DISTRIBUTION OF SOLID MATERIAL FROM THE 
RIDDLE-SALDANA WELL #2 BEFORE AM) AFTER TREATMENT WITH 
DILUTE HYDROCHLORIC ACID 

Fraction Laruer than Effectlve Screen Diameter. Weight Percent 
.Settlinu Tank Sludge from Solids Upetream Settlina Tank - - _ - _ _  

Separator of Filter Solide-- A Solide - B 
As Rec'd AC1 Ineol. Ae Rec'd ACl Ineol. A6 Rec'd ?El Insol. A 6  Rec'd HCl Ineol. 

Effective Screen 
Diameter. Microne 

1180 
600 
300 
150 
75 
51 
40 

32 
25 
20 
16 
13 
10 
8 
6 
5 
4 

0.0 
0.2 
0.2 
0.1 
0.2 
co.1 
0.7 
1.3 
2.1 
5.4 

9.2 
14.0 
16.4 
16.4 
14.6 
11.1 
8.1 

91.2 

0.0 
<O.l 
co.1 
yo. 1 
<0.1 
co.1 
0.8 
1.9 
3.9 
8.4 
13.4 
17.0 
17.1 
14.9 
11.4 
7.1 
4.1 

9.1 
15.0 
17.4 
11.8 
6.7 
0.3 
0.8 
1.6 
2.1 
2.7 
3.0 
3.6 
4.5 
5.7 
6.2 
5.4 
4.1 

65.6 

2.1 
2.1 
4.7 
12.6 
18.8 
0.4 
1.2 
3.5 
3.6 
5.1 
6.2 
7.5 
8.1 
8.1 
7.2 
5.2 
3.6 

0.0 
0.0 
co.1 
0.1 
1.9 
2.0 
1.7 
4.4 
6.4 
8.9 
10.7 
12.7 
13.2 
13.1 
11.6 
7.8 
5.5 

0.0 
0.0 
0.0 
co.1 
co. 1 
0.7 
1.4 
3.8 
4.5 
8.0 
11.2 
13.6 
14.8 
14.4 
12.5 
9.1 
6.0 

0.0 
0.0 
c0.1 
0.2 
2.1 
1.4 
1.1 
1.9 
3.5 
6.8 
9.5 
11.8 
14.2 
15.8 
14.6 
10.5 
6.6 

0.0 
0.0 
c0.1 
c0.1 
0.1 
0.4 
0.9 
3.1 
6.2 
9.1 
11.1 
12.0 
13.4 
13.7 
13.0 
9.8 
7.2 

t3 c. c 
0 

79.2 Amount ineoluble 
in l.N HCl 

80.2 

c x 
0 
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Since no basis exists for estimating quantity of solids entering the injection pump, 
estimated total solids production consists of the following major elements: 

Solids Disposition Amount 

Scale 20 pounds 

Reserve Pit 65 pounds 

Separator 50 pounds 

Filter and Piping 25 pounds 

Settling Tank 328 pounds 

Disposal W e l l  <o pounds 

Total e488 pounds 

Since only about 9000 barrels of brine were produced from the reservoir, solids 
production averaged roughly 0.05 pounds per barrel of brine for the entire test. 

1295.2 Amountsof Various Solid Species: Exhibit 12-40 is a tabulation of 
results previously discussed in terms of pounds of various solids identified or 
hypothesized to have been produced. The- estimates for scale are based upon the 
McCrone analyses,. with the assumption that the pyrite is about 0.002 inches thick and 
the calcite is about 0.004 inches thick. Total area of scale deposition is estimated to be 
about 200 ft2. Most other entries are calculated from Exhibit 12-39 plus estimated total 
solids at each location. Estimates for material to the reserve pit assume the same 
composition as for the sum of the two compartments in the settling tank. 

It is emphasized that values tabulated in Exhibit 12-41 are estimates. Errors as large as 
a factor of two are possible in any or all of the values. Further, substantial amounts of 
FeCO3 and FeCl2 have been assumed with no direct evidence that these species actually 
existed in the produced solids. 

1273.3 TiieDepenaerrOeofSolidsPr&uctio~ Data from the sonic sand 
detector was previously discussed in Section 12.7.1. An estimate of 980 pounds of 
produced sand was developed. Of this total, 800 pounds was estimated to have been 
produced after start of production to the settling tank. Only the fist 150 pounds of 
estimated sand production was found to correlate with any other data. That correlation 
was before onset of a gadbrine ratio in excess of gas 

Lack of correlation with other producing characteristics 11/19/80 is particularly 
puzzling, because lower bottomho pressure and a greater pore pressure gradient had 
been experienced two days earlier. 

lubility in reservoir brine. 

1” 
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Solid Composition: 

Disposition (pounds) 

Scale 

Reserve P i t  c F 
G 

Separator 

F i l t e r  and Piping 

Se t t l i ng  Tank I n l e t  

Se t t l i ng  Tank Outlet 

Disposal Well 

n TOTAL (pounds) x c 

ESTIMATED AMOUNTS AND DISPOSITION OF SOLIDS 

FeS2 PeC03 (ca, %)CO3 Chlorides BaSO 

-------- precipi ta t ion from brine------------ Dri l l ing 

-e 

- 10 

.7 - 

2.7 - 

10 3.4 

10. 

4.4 

1.2 

3.0 

8.0 

14 .O 

>o 

>4 1 

Mud 

24 14 

2.8 29 

1.7 9 

23 58 

47 62 

>88 >182 

Sand & Shale 
To ta l  

Reservoir Pounds 

- 

23 

16 

9 

47 

70 

>o 

>165 

20 

65 

50 

25 

136 

192 

>o 

>488 
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The ultrafine grain size of produced solids casts further doubt on the validity of the sand 
detector record. Calibration data from the manufacturer is for Ottawa No. 3 sand. 
Although the effect of grain site is not mentioned in the manufacturer's literature, it is 
questionable whether the device could respond to the grain sizes smaller than 25 microns 
that were characteristic of more than 90 percent of produced solids. The sand detector 
may have responded to  lumps of agglomerated material which subsequently broke down 
to individual grains. 

In contrast to the sonic sand detector, suspended solids collected on 0.45 micron filters 
each day exhibited a monotonic decline from 140 to 80 mg/l over the last six days of the 
test. Further, most of these samples were collected at times when the sand detector 
was quiescent. Also, the total of cumulative solids to  the settling tank, estimated from 
suspended solids, is reasonably consistent with the measured amount, (250 pounds VS. 330 
pounds). It is therefore considered most probable that solids production was virtually 
continuous, rather than only at the times of sonic sand detector response. 

The time dependence of scale deposition is particularly intriguing. Coupon observations 
revealed that little, if any, scale formed from the start of flow, at 1500 bpd and 
separator pressure of 60 psig, until brine temperature exceeded 160OF. For brine 
temperatures in the range of 175oF to  2000F, a deposition of iron sulfide occurred 
at both 60 psig and near atmospheric pressur r the increase in flow rate on 
11/21/80, and the resultant te F, coupon observations suggest 
that iron sulfide scaling the nearatmospheric pressure between 
the filter and settling calcite scale was deposited over the 
previously deposited iron sulfide. 

9 

Test Equipment Performance 

12s8.1 

The quality of data is substan st than for the two previous well 
ton because of bad weather which occurred during the testing period. An 

re winter cold front prod large amount of rain, along with near 
eratures and high winds. weather took a toll both in terms of 

electrical malfunctions and in terms of y and accurate manual logging of data. 
Fortunately, the testing program contained sufficient redundancy in data collection. 
Additional discussion of this subject can be found in Section 12.6.2. 

! 

IJ 
As a result of low test well production pressures, it was necessary to  use a pump to move 
the produced brine through the 3000=foot, 3-1/2 inch flowline to the disposal well. A 
Gardner-Denver Model PA-8 Triplex Mud Pump was rented for this purpose. The pump 
was powered by a GM V-8 diesel engine. During production, the pump and engine 
required almost daily maintenance service and 24-hour observation by test personnel. A 
production operation utilizing disposal pumps versus separator pressure energy for 
injection would obviously be less practical. 

i 
& '  

I 
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1283 Bottom-hole Fluid Sampler 

The newly redesigned Gearhart Industries sampler operated properly, and two bottom- 
hole fluid samples were successfully obtained from a depth of 9743 feet. The explosively 
driven cutter and rupture disc assembly, which failed to operate properly during past 
WOO tests, has apparently been successfully redesigned. 

128.4 Gas Qlromatography 

The Carle Model Ill-€4 Gas Chromatograph used in the field developed a water vapor 
leak making quantification of hydrocarbons heavier than pentane difficult. A baseline 
upset which occurred with valve switching within the instrument resulted in uncertain 
nitrogen values. Additional discussion on this subject can be found on page 12-38. 

12.85 Disposal Brine F&a System 

I t  is estimated that more than 328 pounds of fine solids passed through the 25-micron 
filter elements used in the Nowata (Model No. 6FH60C-600) filter system. The 
individual filter elements trapped only about 10 pounds of solids. Smaller-micron filter 
elements can be used in the Nowata filter system; however, frequent replacement of 
small-miffon fiber filter cartridges during long-term production periods on a well such as 
the Saldana Well No. 2 would be expensive and impractical. Evaluation of a Ronningen- 
Petter %micron, self-cleaning pressure filtration system is planned on a forthcoming 
WOO test. 

128.6 Sonic sand Detector 

Quantitative analysis of the OIC Sand Systems, Inc., sonic sand detector data is suspect 
because of inconsistency with producing characteristics. The very small grain size of 
produced solids casts further doubt on the validity of the sand detector record. 
Calibration by the manufacturer is performed with sand of much larger grain size. Also, 
the sand detection signal is ratesensitive, and fluid velocities in the data header were 
low in relation to optimal detection operation. 
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w Photo 12-14 View of the test equipment from the far side of the reserve pit 
12-1 15 
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13.0 PLUG ANI3 ABANDONMENT 

13.1 Pill ~ 0 f t t r e T ' W d  

Target's Rig No. 15 was moved onto the location on December 4,1980. The salt water in 
the tubing and casing was displaced with 13.5 ppg mud, the Christmas tree was removed, 
and blowout preventers were installed and tested. The 2-3/8 inch tubing was pulled out 
of the hole. A cement retainer was set at 9547 feet  and the test perforations were 
squeezed with 190 sacks of cement. Ten sacks of cement were spotted on top of the 
retainer. A bridge plug was then set at 9386 feet  in the 7-inch casing. 

A free point indicator, run in the 7-inch casing, indicated that the casing was partially 
free at 6100 feet. The casing was cut at 6061 feet  and removed from the well. A 
cement retainer was then set at 6027 feet in the 3-5/8 inch casing. A cement plug was 
spotted from 6027 to 5782 feet. 

LJ 
a 

Li 

1 

u 

id  

u 

I 

k The blowout pteventers were removed, and the 9 4 8  inch casing was cut at 400 f e e t  and 
pulled out of the well. A cement retainer was set in the 13-3/8 inch casing at 352 feet,  
and cement was spotted from 352 feet  to the surface. The surface casing and drive pipe 
were cut off 3 feet  below ground level. 

The rig operations were completed on December 17, 1980, and the rig was moved to the 
disposal well. 

13.2 P i ~ o f D i s p o s a l  Wel l  

The Target Rig No. 15 was rigged up on the Saldana No. 1 Well on the same day it was 
moved from the test weU. The wellhead was removed, and blowout preventers were 
installed and tested. A cement retainer was set in the 9-5/8 inch casing at 2906 feet. 
The perforations were squeezed with 225 sacks of cement, and 50 sacks of cement were 
spotted on top of the retainer. 

The interval from 400 to 399 feet  was then perforated. A total of 375 sacks of cement 
were pumped into the 9-5/8 inch casing to isolate the fresh water sands above 400 feet. 
The drive pipe, surface casing, and 9-5/8 inch casing were cut off 3 f e e t  below ground 
level. 

The rig was released on December 20, 1980. 
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14.0 CONCLUSIONS 

The gas-to-water ratio measured during testing ranged from 47 to  54 SCF/BBL and was 
greater than the gas solubility of 41 SCF/BBL at reservoir conditions. Free gas in the 
reservoir was evident during testing operations. Produced hydrocarbon gas was in excess 
of the amount that could have been in solution in the produced reservoir brine. The 
natural gas liquids content of the gas plus the atomic carbon ratio of the methane 
fraction suggest that the free gas probably originated at a depth greater than the 
reservoir depth. 

The measured reservoir temperaere of 300.2'F was much higher than the corrected 
elect$ log temperature of 258 F. Although there is no other verification of the 
300.2 F temperature reading, it is believed to be correct. The implication here is that 
log temperatures and correction methods can be subject to large errors. 

Scaling and corrosion were considered light; however, preventive treatment would be 
necessary if long-term production were desired. 

The large amount of solids production is significant because of the potential problems 
associated with long-term solids processing. No abrasion of the production equipment 
occurred because of the relatively low flowing pressures. 

The test separator was a very effective device for removing produced gas from the 
brine. The processed water contained less than 2 SCF/BBL of gas, at a separator 
operating pressure of 200 psi. The gas associated with the disposal brine leaving the 
separator was composed of 42.50% methane and 53.87% C%. This type of gas is not 
marketable. Additional refinement of the present gas separation method is therefore not 
considered essential. 

Concentrations of mercury in the produced brine averaged 2.0 micrograms per liter. 
This value is well above the 0.10 micrograms per liter upper limit recommended by the 
U.S. EnvironmentaJ- Protection Agency for protection of aquatic organisms and for 
human consumption. Concentrations of boron averaged 88 milligrams per liter. This 
concentration is extremely toxic to plant life. Long-term surface disposal of the 
produced brine would be precluded because of the mercury and boron concentrations. 

The reservoir has a limited flow capacity of about 985 millidarcy-feet, which is well 
within the economical range for petroleum hydrocarbons, but much too low for GE& 
aquifer economics. 
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Eaton Operating Company, Inc. 
3100 Edloe, Suite 205 
Houston, Texas 77027 

Attn: Mr. B. A. Eaton 

c 
f .  

.’ts;” 
riddle oil company 

m / p s  

Encl . 

Re: Saldana #1 and f2 
Zapata Co., Texas 

Dear Mr. Eaton: 

Enclosed are two copies of our agreement dated August 12, 1980 which 
have been executed by Melvin Close, the Executor of Mr. Riddle’s Estate. 

This letter will also confirm our telephone conversation bf this date 
wherein we authorized you to offer the landowner $20,r)00.00 for his consent 
to your testing the captioned wells. Such $20,000.00 will be deducted from 
the $95,000.00 you are to pay us under the agreement. 

W. E. King 

A 4  

ld 
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L 
L 
I 
t 
L 
L 

1804N.E. Loop410. Suite 100 I 
Son Antonio. hxas 7821 7 
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La, 
EATON OPERATING COMPANY, INC. 

e August l2, 1980 
b 

Riddle O i l  Company 
1804 N. E. Loop 410 

San Antonio, Texas 78217 

Attention: e. I?. E. King 

s i  
L Sui t e  100 

t 
t Be: Saldana Well #2 and Well #l d Zapata County, Texas 

Gentlemen: 

' I  

This  letter, i f  accepted by.you and two signed copies thereof are re turned 
to us by August 26, 1980, s h a l l  cons t i t u t e  the bas i s  o f  an agreement bemeen 
Riddle O i l  Company ( f idd le)  and Eaton Operating Company, Inc. (Eaton) as t o  6 )  

b the following mat te rs .  
I 

I. 

L E a t a n  is a p a r t y  t o  a contzatctwith the United S ta tes  goventment re- 
presented by the Division of Geothermal Energy, Department o f  Energy, t o  carry 
out research, f i e l d  t e s t ing  and evaluatiorr of w e l l  sites in Texas-Louisiana 
Frio-Miocene t read  where r e se rvo i r  and production d a t a  can be obtained t o  assess 
the energy po ten t i a l  (dissolved gas and heat)  o f  Gulf Coast geoptessured-geo- 
t h e d  aquisers.  

li 

8.  ' 8 idd le  has d r i l l e d  zhe above fereaced wells t o  t o t a l  depth and proposes 
t o  plug the wells as m=c ial r 

SI. 

Eaton is o f  the  opinion t ha t  the 8 
candidates Within the def in i t i on  o 
a production t e s t  of one o r  more a 
sponsorship and so le  financial 

t w e l l s  qualify as w e l l  of opportuai ty  
Eaton-D.O.E. contract ,  and Eaton recommends 
rs within the w e l l  bore  f o r  D.O.E. approval, 

i '  111 

k 
Li 

A. Eaton s h a l l  be res & 

9 

< '  
I ' !WON€ 773427-W&J 

? \ V I  91041-l7q1 L! EI)OC-HEC-)4OU HOUSTON. TEXAS 77U27 
3100 EDlOE, SUtTf 205 
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G d d l e  O i l  Company 

"age Two 
. S e L ~ s t :  12, 1980 

1. Obtaining a l l  federal ,  state and l o c a l  governmental penni t s  required 1 
f o r  such operations. 4 

2. Providing insurance coverage through. the length of the t e s t i n g  and 
research, a t  limits o f  $80,000,000.00 l i a b i l i t y  aad $25,000,000.00 cos t  of  w e l l  
C O n t T O l  (I&) 

ld 
3. Prodd ing  w e l l  test da ta  information t o  Riddle at the conclusion of 

test. 

L 
1 
t 

t 
7. Eaton  wouldagree t o  complete the t e s t ing  and =search in approximately t 

4. Assumption of a11 l i a b i l i t i e s  associated with f u r t h e r  operations of 

Eaton w i l l  pay Riddle the sum of $95,000 in cash, as, a fee f o r  use 

the w e l l s  through plugging and the final clean up of the focat ioas .  

o f  the w e l l  bores. In addifion, Eaton agrees t o  make its bes t  e f f o r t s ,  consis- 
tent 6 t h  good oil f i e l d  practices, . t o  recover as much 7" casing as prac t icable .  
The recoveted 7" casing and the 2-3/8" tubing uow in the w e l l s  w i l l  be l a i d  on 
racks adjacent to  the w e l l s  for Riddle's accouat. 

5. 

6. Riddle has dri l led the Saldana #l approximately 2900' south of - the  
. Ssldana 82 w e l l .  Eaton proposes t o  u t i l i z e  the Saldana #l w e l l  bore to  dispose I ' 
o f  produced fluids. As compensatioa f o r  use of t h i s  w e l l  bore, Eaton w i l l  plug w 
the w e l l  a x t i  make every attempt, consistent w i t h  good oil f i e l d  prac t ices ,  t o  
recover 89 much 7" casing as pract icable .  
tubing present ly  
Riddle ' 8 account . 

This recovered 7" casing and 2-3/8" 
the w e l l  w i l l  be  l a i d  011 racks adjttcent t o  the well f o r  

# 

180 days. 

B. Riddle s h a l l  be gesponsible for: t: 
?h&C 

1 
1. Biddle s h a l l  be l i a b l e  t o  f a i r l y  and equi tab ly  

distribute the payment to 9ap other working i u t e s e s t  p a r a e m ,  i f  any, and Eaton 
s h a l l  be held harmless from such d i s t r i b u t i o n  i f  a 3 7 3  by Riddle. 

fv. 

This letter agreement does not convey t o  Eaton any ownership i n t e r e s t  in the 
land, uor does Eat-  have any vested i n t e r e s t  in any mineral o r  energy resorvces 
produced during any of the t e s t s ,  and it is expressly agreed between Eatan and 
Riddle t h a t  uo mineral o r  energy resource w i l l  be saved o r  sold. 

f :  

V. 

Eaton s h a l l  be furnished the complete name ( o r  names) and address (or addresses) 
of tbe  fee owner and mineral m e r ,  i f  not  the s a n e ,  and it  is agreed t h a t  this 
agreement s h a l l  be of no force anti 'effect  without the informed wri t t en  consent 
of said m e t .  

f - '  

t 



Riddle O i l  Compaq 
August 12, 1980 
Page Three . 

VI. 

Eaton hereby agrees t o  indemnify and hold Riddle e t  a l  harmless from any and 
dl claims f o r  in jury  o r  damages the cause of which MY occus in counection with 
Eatw's operation o f  the s d d w e l l s ,  l imited t o  $80,000,000.00 l i a b i l i t y  and 
$25,000,000.00 w e l l  control  as described i n  Section 111-11-2. 

V I 1  . 
Eaton f i t r ther  expressly states that any and a l l  portions of t h i s  agreement s h a l l  
be subjec t  t o  the approval of the D.O.E. and should s a i d  agency disapprove any 
of th is  agreement in whole o r  in par t ,  then t h i s  agreement s h a l l  be null and void. 

VIII . 
Whenever no t i ce  is required or permitted under the tenns o f  t h i s  agreement, same 
s h a l l  be in wri t ing  and shall be deemed t o  have been given i f  eent  by telegram, 
c e r t i f i e d  or regis tered mail, o r  delivered by hand addressed t o  the respec t ive  
pa r t i e s  as follows: 

If t o  Riddle: 

rf t o  Eaton: 

Riddle O i l  Company 
1804 N.. . E. Loop 410 
S u i t e  100 
S a n  Antonio, Texas 78217 

Attentiart: Mr. I?. H. King 
Telephone: 512/824-9627 

Eaton Operating Company, fnc. 
3100 Edloe, Sui te  205 

. Houston, Texas 77027 

Attention: Mr. 8 .  A. Eaton 
Telephone: 713/627-9764 

This agreement s h a l l  be binding ou the  l ega l  representat ives ,  S U C C ~ S S O ~ S ,  and 
assigns of the parties hereto. 

X. 

Attached here to  are the following documents incorporated by reference here in  as 
set out and marked aa Exhibit I, Exhibit  11. 

If the above conforms t o  your understanding of the agreement between us, please  
s ign  and ret- two copies t o  us in the time spec i f ied  above. 

Sincerely yours, 

W O N  OPEWING COMPANY, INC. 

2- 
,' President and Project Manager 

A-7 
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Riddle Oil Compmy 

Page Four 
‘$uwst 123 1980 t ’  

Ij 

f 
Lj ACCEPTED AND AGREED TO THIS I ?  DAY OF K .i , 1980. 

J 
RIDDLE OIL COMPANY 

MECUTCR OF THE ESTAd 
OF MliZJQRA, RlDDLE 

t 

L 

h 

‘ t  
t 
Y 
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EATON OPERATING, INC. 
3100 Edloe 
Suite 205 
Houston, Texas 77027 

ATTN: Mr.  Sld Walker, 

Dear Mr. WaIker: 

I 

i 
t 

Texas, I 

L E: Ge0pressure:testSng of Saldana No. 1 
. and No. 2 We1 is, Zagata Camty, 

Li 

Enclosed please find proposed form o f  landowner's consent to geopressurc 

Please get back to me as soon as possible in order to discuss t h i s  matter 

testing to he conducted -der q m e n t  with Riddle 01 1 Canpany for your canments. 

furtbr. c - 
Very truly yours, 

FJSJr: sfc 
Enc 1 osu re 

ct: EL PEYOTE MINERAL TRUST 
1619 Reynolds 
Laredo, Texas 78040 

A-1 0 
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I October 2, 1980 
Id 

I 

a t o n  Operating, inc. 
t '  
hi 

Re: Geothermal and geopressure test fngof the 
Riddle-Saldana Nos. 1 and 2 Wells 

b V  
lcli 

Dear Sirs:  

o f  a l l  persons owning an interest i n  the minerals underlying the t rac t  on 
which above two wells were'drl l led, for the test ing o f  said two wells by you 
under agntment w i t h  Riddle Oil Company w l t h  respect to geothermal and geo- 
pressure test ing I n  accordance w i t h  agrement between Eaton Operating, Inc. 
and Riddle O i l  Company, dated 

This w i l l  evidence the consent of El  Peyote Hlneral Trust on behalf 

t '  u 
1 '  as & h i b i t  "A1', u the following and candl tions: 
Iti 

I ;  -1. A I  I operations, includi d mwel1s and clean-up 

ci- of t h i s  consent agreement. 

8 1  2. It is'understood and ag ddlc 01 1 Company, lease under . 

t r  

a copy of h i c h  1s hereto attached 

operaSions shai 1 be eomplete w i t h i n  one hundred eighty (180) & y s . f m  the date 

. which said two wells were d r l l l e d  lneral Trust as Laser dated 
July 28, 1978 has terminated under 
herein shall operate- t o  enlarge the ri 
extent that addttlonal the f s  granted In whfch to plug said wefts as herein set  
ouc and to the extent that the t cs t i n  
agreement. Operations conducted by 
for d r i l l  ing er revetking o f  any we1 
any other lease covering the premise 
by .you as a n s u i t  of your operations shall not be considered 
any lease covering said premises, 

You acqutre no ownersh 

ems and provisions, and nothing 
f Lessee thereunder except to  the 

L 

k 
perations are pey-mitted under th is  
shal l  not be de-d to be operations 
der &e provisions of said lease, o r  mder 
d any incrdmtai  produetfan obtained 

pa rf there0 f . production f rom 

erest In the o i l ,  gas andlo 
g the premises, o r  the lands on which said wells are bottomed and upon 
t fon  o f  one hundred eighty (180) days f r o m  th is  date, a l l  o f  your r ights 

f p 1 ugg i ng and clean-up operat ions, 
whichever occurs first. 

4. You shall  assume the l b i l i t y  for plugging each o 
In accordance w i t h  a l l  relevant rules, regulations and statutes o f  
Texas or the Railroad Commission o f  the State of Texas though nothing contained 
In th is  agrement shal l  relfe ' i  

Y 

L l  

tddle Oil Company of I t s  obligatio 
eyo t e  

5. In connectlon w i t h  I t s  oper agrees that In  the 
subsurface disposal of s a l t  water It w i l l  not inject any salt water into any fresh 
water bearing rands and shal l  take a l l  necessary measures to prevent the Intrusion 
in to  f resh water sands of s a l t  water result ing f r o m  i t s  operations. 

any w l s t i n g  mads, fences or other improvements, or t o  1 ivestock, t o  the land i t se l f ,  
and a l l  growing crops thereon result ing from any of i t s  operations, or ftwn any 
sa l t  water, chemicals, oil o r  other substance belng permitted to flow on the 

i '  

6.  Eaton agrees to pay the Owner of the surface estate for a l l  damase to t 
L! 

! I  

above land. A-1 1 b 



i 
Lcr 

t '  
7. Eaton agrees to use reasonable care in preventing any salt water, 

oil or poisonous substances which are dangerous to livestock from being available 
to grazing livestock on said land as a result of its operations, and also f m m  
escaping on the land covered by this lease. In exercising such standard of 

being exposed to any facllltles or substances which might be considered a 
hazard or danger to such livestock. Eaton agrees to pay the m e r !  o f  the surface 
or any grazing tenant, as the case may be, reasonable compensation for all 
damages to fences, water wells andreservoirs and all improvements now or hereafter 
situated on the surface of the prqalses, caused by Eaton's operations, unless 
such damage i s  repaired by Eaton to the satisfaction of the Owner of the surface 
estate. 

LjF 

1 
L reasonable care, Eaton agrees to erect adequate fences to prevent livestock from 

t 

l -  
L 

8, Eaton agrees, upon cessation of any testing or  exploratory operations 
hereunder, to restore the land, other than mads presently in existance, used in 
connection with this operation to as near i t s  original state as Is practical, 
Including discing and planting said land with four (4 lbs.) pounds of buffelgtss sed 
per acta.. No compensatory payment paid by Eaton to the Owner of the surface 
estate shall reileve Eaton of  such obiigatlon. 

9.. Eaton'agrees that before plugging any well, it will notify the Owner 

\ 
Lj 

1 
(u . of the surface estate in person o r  by telephone o f  its intention to do so, and 

will allow the owner of the surface estate.a reasonable time, not exceeding 
seventy-two (72) hours thereafter, within which to elect to take over the hole 
for the purposes of attempting to make and complete a water well, 
of the surface estate's election, within the specified time, to attempt to 
CompIete. the well IS  a water well, and complying with all rules and regulations 
of the Railroad Comnfrslon of theistate o f  Texas and appllcable statutes, Eaton 
will, at its expense set a i l  plugs as may b e  required by the RaIlmad tomnission 
at the base of the fresh water bearing sand designated by the owner o f  the surface 
estate, or her representative, and thereafter deliver the well to said owner 
of the surface estate, leaving in such well all surface casing and such production 
casing as may have been run and set to at least the depth of the designated water 
sand and thereaftecthe m e r  of the surface estate shall own the well and shall 
be responsible for ail subsequent matters in connection with the wll and for  
compl lance wi th appl icable statutes and regulations of a1 1 regulatory agencies 
having jurfsdtction. 
in connection with any o f  the operations which may be conducted by the Owner 
of the surface estate after del fvery of any such water we1 1 to said Owner of 
the surface estate who shall thereafter bear all responsibility and liability with . 
respect thereto. 

10. 
mineral leases covering said property, or any part thereof. 

sands capable of producing oil and/or gas in paying o r  commercial quantities it 
shall itmediately notify E l  Peyote Mfnerai trust to that effect, and notwithstanding 

right to takeover any such well for production of oil  and/ar gas upon the expiration 

for plugging any such welts in accordance with all pertinent rules and regulations 

t 
c 
L 
c 
L 
t 

Upon the Owner 

Eaton shall have no liability to El Peyote Mineral Trust 

El Peyote Mineral Trust reserves the right to execute oil, gas and/or 
1 
L 11. in the event that, in the course of its operations, Eaton perforates 

anything herein contained to the contrary, El Peyote Mineral Trust reserves the 

o f  Eaton's operations hereunder, agreeing, in that event, to-assume all ob1 igatiorrs 

L 

! 
I t  

I 

I 

I J 

I of the Rat.lmad Comnission of the State of Texas. 

12. Upon delivery of this agrement, Eaton shall furnish to El Peyote 
Mineral Trust the following: t 

t (a) Copies of any and all agreements between Riddle 011 Company 

A-13 

or  the Estate o f  He A. Riddle and Eaton Operating Inc,, and thereafter with true 
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Eaton Operating, Inc. 
Page 4. 

ACCEPTED October f , 1980 

EATON OPERATING, INC, 

L 

t 
t 
t 
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t 
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Subcontract No. 02s1-80 
OFFER 

In compliance with the Solicitation, the undersigned offers and agrees, if this 
offer is accepted within 
period is inserted by the offeror) from the date for receipt of offers specified 
in the Solicitation, to furnish any or all items upon which prices are offered at 
the price set opposite each item, within the time specified in the schedule. 

calendar days (60 calendar days unless a different 

Discount for prompt payment: 

% 10 calendar days; X 20 calendar days; X 30 calendar days; 

X calendar days 

NAME AND ADDRESS OF OFFEROR: (Street, City, County, ZIP Code, Area Code, and 
Telephone 

Target  Well Servicing 
IO00 One Allen Center 
Howton TX 77002 

NAME ANI) TITLE OF PERSON AUTHORIZED TO SIGN OFFER (Type or Print) 

Gotdon A. Griffittr, Vice-president 
* Typed Name Title 

Offer Date 

RECEIPT OF AMENDMENTS: The undersigned acknowledges receipt of the following 
amendments of the'invitation for bids, drawings, and/or specifications, etc. 
(Give number and date of each): 

B-4 
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- r- c c c r _ " " F - - a _ p - r -  e-- r - t - r  C" c (- E-: 
Target .Well Servicing 

Coerpany 

E- t- 

October 7 ,  1980 DATA ON EQUIPMENT TO BE USED ON THE JOB 

Date 

Rig and equipment to bo furnished by Subcontractor. 
tract I s  subject to rig hspoctlon,) 

(To be completed by prospoctivb bidder. Award of Subcow 

Sub con tractor s Rig Number ; SEE ATTACHED PAGE 

le u 

Nild Puzp-CPPI and PSI: 

Centrifugal Pump for Water Transfer-Size, etc, t 

Blowout Preventers-Power Actuated; . 
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RATE SCHEDULE 
EFFECTIVE OCTOBER IST, 1980 h 

i 
TARGET WELL SERVICING L 

i 
CORPUS CHRISTI, TEXAS 

(A DIVISION OF ATCO LTD.) 
P. 0. BOX 9548 7454 LEOPARD ST. CORPUS CHRISTI, TEXAS 78408 

PHONE 512.8834363 

h 
B-6 



Rlg rates for lot+ion generally wtthin 75 miles of Carpus Chrlsti, San DIego or Klngsville. . -  
Rig #l as inv&toried' $1441hour Rig t 6  as inventoried 81421hour 
Rig 12 as inventoried S1431hour Rig I 7  thru #12 as inventoried Sl421hour 

RIg #5 8s Inventoried 

Rig 13 as inventoried $14z/hour Rig 114 as inventoried S2001hour (24 hour) 
Rig #4 as inventoried s14mour .i-. 

$1691hour e 4  hour) 

(S18Way-24 hour) 1) Fuii time tool pusner required on all N s  - si  
2) Mileage charges for crew cab .5Sc per mi&. 
3) Rig fuel extra md as Inventoried. (Customer r what he uses - not u fiat rate per howl) 
4) Material, coruumables or rentals if furnished by Target at cost plus 10% to customera account. 
5)' Ram rubbers charged back to customer in cases of nbnoml or urwaual use 
6) Minimum charge of 10 hwrday,S day week on all rigs (exduding 24 hour) including rig travel time, rig up, rig down, testing and 

8) Separate hydraulic prime mover CMI 453 diesel for 8owen power rwivel when required 

L 

stand by, ewduding statutory holidays. 1 7 )  truck in^ to and from well sIte of regular and additional sqdpm4nt fumi8hed by customer. . (daylight operaion) 
9) Separate 200 barrel mud plant C#W 471 diesctl (dayliaht-n) 

10). Swabbing after add and/or $our gas $ZOO/day 
For locations too distant for dailytrevef. general of 75ml~,th6followingrate~ngcwapply:Outaftownex~ 
for fig crew (excludi local labor) $lWday for a four man crew, plus round trip crew cab mileage chargets f m  job tite to 
cntw'r,domicileonstimeper~andretum(no k f o r d a y l i ~ r l g a n d o n e r o u n d M p ~ ~ 4 ~  
for 24 hour rig) at 5P per mlle. 

12) Pump substitution (subject to availabllity) National 165 or Oilwell 346D for Oilwell 64OA (8000) or National 300 (8aoa) -Add 
S2501day -day 24 hour). 
Trailer substitution - toolpusher trailer for mobile home - Add $lSday. 
12 foot substructure adaptable to Franks 300 Rig - Add $250lday. 
11 foot keel to de& workover barge 16 foot clearance work floor. Utilizing our normal equipment (subject to availablllty) 
Eckois Model ULTRA 5% tongs suitable for drill plpe up to 4%" -day (subject to avallability) 

Davz Lite Rig2 

cobper LTO 550 Ooubk Omm Brtck-ln O i h l l  Servicing and Woricover Unit with lW, 240.000 Ib. capadty derrick. Mounted on a 
Cobper C5 self propelled carrier with GMC 12WlN died engine and Alliwn UBT 5860 toque con- tmnsmbion and 22' 
hydrotarderon brakesystemunitwith125KWdilslwtl~c~rplantand~nlckligh~.rodhang~trrM~ra~andKoomey 

manifold 

. Off rig hydraulics. 

Tool Rtdrm Wkr 8nd cnr, dog howo brfl.r. (Combined office trailer-Oog house Rig n )  
M i d  -.Necessary tools and inserts to handb 2%" and 2%" regular tubing, Ha to 54" rods 

-II 
i Rig #2 - 

v p e r  LTO 350 Back4n Workover end Servicing rlg pow& by OM W71 engine and Allison CLBT-760 toquo converter 
arumision, double drum hoist, Cooper 104 foot clearance 240.000 Ib. capacity derrick, equipped with hydrotarder, brakes. self 

contain& 12.5 KW diesel electric plant and derrick lights, cod hangars, tubing racks and Kaomey separately powered 20 gallon 
capacity 3 valved closing unit 
ACCOSW~~~S - a~ Rig P1 

0-7 G 



CONDITIONS AND TECHNICAL PROVISIONS 

c 
I '  

,-- 

Is;' 
I '  CTP-01. LOCAT1 ON 

Well Name and Number Saldana NO. 2 County Zapata L 
Well Location and ,* 

I 
State Texas Field Name Mart inez 
Land Descriptionb. Stehle Survey: Abstract 497: 300' FSL & 2200 ' m  

k 

CrP-02. COMMENCEMENT AND COMPLETION 

The Subcontractor shall complete mobilization within five ( 5 )  calendar days after 
the date of receipt of Notice to Proceed and shall complete the entire work under 
the Unit Frice Schedule 
to Proceed. 
spent on Contractor-Directed Operations and Standby, to the extent that is deemed 
necessary. 

days after the date of receipt of Notice 
The contract completion date will be extended by the amount of time 

CTP-03. STATEMEXT OF WORK 
- 

A. General Description of Work. 
all personnel, equipment, materials and services, and supplies as specified herein, 

The Subcontractor's work consists of furnishing 

for conducting the following work: See Tentative Drilling Program, Attachment 

B. Minimum Equipment and Services. The minimum equipment, facilities, services, 
and items required to complete the work is specified in CTP-07. 
furnished items will be delivered to and picked up from the drill site by others. 
The minimum equipment and services designated to be furnished and operated by the 
Subcontractor will be at no additional cost to the Contractor. 

All contractor- 

C. Workweek and Personnel Requirement. The Subcontractor shall furnish minimum 
three man qualified drilling crew, including toolpusher, to maintain a 24-hour day, 
7-day week operation. 

CTP-04. MUD PROGRAN 

Contractor agrees to furnish all mud additives and chemicals and.vill arrange to 
purchase all necessary engineering services. 
dictated by hole conditions. 

Mud program will be.designed as 



CTP-OS. . STRAIGHT HOLE'SPECIFICATIONS 

Except as authorized by the Contractor, the maximum allowable deviation of the hole 
is not to exceed one degree per 100-feet and not to exceed five degrees total depth. 

CTP-06. PROPOSED CORING PROGRAM 

CTP-07. MINIMUM EQUIPMENT AND SERVICES 

1. Trucking service and other transportation, 
hauling or winching services as required to 
.move Subcontractor's property to location, 
rig up Subcontractor's rig, and remove all 
of Subcontractor's property from location. 

2. Drilling bits, reamers, stabilizers, reamer 
cutters, and other drilling tools as requited. 

Fishing tool services and fishing tool rental. 3.  

4. Derrick timbers. 

5. Nom1 strings of drill pipe and drill collafs. 
(See Items No. 43 and 44) 

6. Conventional drift indicator. 

7. 

8. 

9. 

LO. 

11. 

Earthen mud pits and reserve pits. 

Steel mud tanks if required. 

Necessary pipe racks and rigging up material. 

N o m 1  storage for mud and chemicals. 

Necessary spools, flanges and fittings to 
connect blowout preventers. 

To Be Provided By 
And At Expense Of 

Contractor Subcontractor 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

L d  
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12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

Furnish and maintain adequate roadway to 
location, rights-of-way, including rights- 
ofray for fuel and water Lines, river 
crossings, highway crossing, gates and cattle 
guards. 

Staked, levelled and compacted location, 
including earth pits. 

Rat and mouse holes to meet subcontractor's 
requirement. 

Test tanks with pipe and fittings. 

Separator with pipe and fittings. 

Labor to connect and disconnect Subcon- 
tractor's mud tank. 

Labor to disconnect and clean test tanks 
and separator. 

Drilling mud, chemicals, lost circulation 
materials and other additives. 

All tubular goods, miscellaneous line pipe 
and fittings. 

All testing tools including inflatable 
and retrievable packers. 

Special tools, casing scraper, etc. 

Special mud pump capacity in excess of 
rig requirements. 

Wireline split and conventional core 
barrels and wireline core catchers: 
two each ten-feet long split core barrel; 
one each twenty-feet long conventional 
barrel. 

.Conventional core bits,barrels and catchers. 

Diamond wireline core bits. 

Cement and cementing service. 

Logging services. 

To Be Provided By 
And At Expense of 

Contractor Subcontractor 

xx 

XX 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

N/A 

xx 

N/A 

xx 

xx 

xx 

xx 



To Be Provided By 
And At Expense Of 

29. 

30.  

31. 

32. 

33. 

34. 

3s. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43 

44. 

4s. 

46. 

Directional, caliper, or other special 
services. 

Contractor Subcontractor 
i 

xx 

Gun or jet perforating services. xx 

Core boxes, wrapping supplies, and storage 
facilities .' 
Formation testing, hydraulic fracturing, 
acidizing, and other related services, 

Equipment for drill stem testing. 

Mud Logging Semices. 

Sidewall Coring Services. 

xx 

xx 

xx 

xx 

xx 
Welding Service (Except for Subcontractor's 
equipment). xx 

Casing, tubing, liners, screen, float 
collars, guide and float shoes, and 
associated equipment. xx 

Casing scratchers and centralizers. xx 

Wellhead and connections for all equipment 
to be installed in or on well or on the 
premises €or use in connection of well. xx 

Water at Source and Water Hauling Service. 

Water storage tanks 1000 gallon capacity. 

xx 

xx 

ants for Subcontractor's 
equipment. Contractor to reimburse 
Subcontract 

xx 

Drill collars. 

Weight indicator. xx 

Ls 
t 
L 



To Be Provided By 
And At Expense Of i 

Contractor Subcontractor 

67. Drill rig-minimum failing 1500 rotary rig or 
approved equal for continuous wireline coring 

Two adequate circulating pumps and adequate 

1000 gallon water truck with driver for 

and drilling to - + 1500 feet. 

mud mixing pumps. xx 

hauling water within two miles of work sites. 

W A  

68. 

69.  
W A  

70. M ~ k  of one two-way communications system. W A  

71. IADC Daily Drilling Report, Bit Record and 
Tally Forms. xx 

The above Subcontractor designated items are the minimum acceptable requirements 
for the Subcontractor drilling equipment. This is not intended to be a complete 
list of items to be furnished by the Subcontractor. 
to furnish all drilling maintenance tools-, materials, and equipment not herein 
designated, but which are normal components for a complete drilling rig required 
€or drilling and testing operatioas described in these specifications. 

The Subcontractor is required 

CTP-08. UNIT PRICE SCHJZDULE ITEMS DEFINED 

Paragraph headings in this Special Condition correspond to items of the Unit Price 
Schedule. 

1. 

bly. 
location and rigged up ready t o  spud. 
the above mobilization work under Item 1 of the Unit Price Schedule. 

Mobilization. 
up any lowertier Subcontractor's equipment, and pick up first drilling assem- 

The Subcoatroctor shall move in and rig up his equipment, rig 

Mobilization shall be coosidered complete when all the equipment is on 
The Subcontractor shal l  be paid for 

2. Contractor-Directed Operations. Operations under this category shall include, 
but are not limited to: Contractor-furnished surveying, plug backs, drilling, 
coring, teaming, hydrologic testing, inserting and retrieving casing, placing 
cement and regaining lost circulation. 
by the Contractor. All work on an hourly rage basis shall be performed with a 
full complement of operating personnel and at the direction of the Contractor. 
If it becomes necessary to shut down Subcontractor's rig for repairs while 
performing work on an hourly rate basis, Subcontractor shall be allowed compen- 
sation for such'repair time at the applicable hourly rate. The number of hours 
devoted to repair work for which the Subcontractor may be compensated shall be 
limited to an accumulated total of 12 hours €or each 15 day period. 

All operations will be done as directed 

8-12 
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Contractor-directed operations will be paid for Item 02. of the Unit Price Schedule, I 
3. Stondby Ready. When directed by the Contractor, the Subcontractor shall cease 1 

all operations and standby in a ready condition. 
and equipment shall be maintained at the work site ready to resume operations 
immediately. 
Cement Hardening Time, or any operations not requiring the use of rig engines 
or drill assembly. 
Price Schedule. 

L.” A full complement of personnel 

Operations under this category shall include Geophysical Logging, L 
4. Demobilization. Upon completion of the work under this Subcontract, the Sub- L 

Standby ready time will be paid under Item 03. of the Unit 

contractor shall remove all rubbish and debris from the drill site and shaIl 
remove all of his equipment within ten calendar days. 
not be responsible for levelling the work site or draining and backfilling pits. 
Demobilization will be paid under Item 04. of the Unit Price Schedule. 

The Subcontractor will 

f :  
L CTP-09. RECORDS AND OBSERVATIONS 

Providing the following records and observations shall be a part of the Subcon- 
tractor’s general responsibility for which no additional payment will be made. 

1. 

2. 

3. 

A Daily Drilling Report shall be kept on the IADC official Standard Daily 
Drilling Report. 
will be taken from the IDAC Daily Drilling Report. 
section shall contain an accurate record of hole conditions, work performed, 
and t h e  required for all work to the nearest quarter-hour. 
two copies of the Daily Drilling Report shall be submitted to the Contractor 
or his authorized representative. 

Bit Records 
bit record shall be furnished the Contractor at the completion of a hole. 
Records must show bit types, sizes, footages, depths, rotary speeds, bit 
weights, manufacturer:, and serial number. 

Accurate Pipe Tallies shall be the Subcontractor’s responsibility and shall be 
available at the drill site for inspection at all times. Copies of steel tape 
measurements of drill pipe and casing’shall be furnished by the Contractor. 

The Unit Price Schedule quantities for pay estimate purpose 
The general remarks 

‘I’ * 
cli The original and 

shall be maintained daily and posted in the doghouse. A complete 

L1 
t 
a 
$8 CTP-10. SUBSURFACE INFORMATION 

t 1. The subsurface information and data furnished both in these specifications and 
at the Contractor’s office are not intended as representations or warranties, 
but are furnished for information only. 

1. 
2. It is anticipated that the information contained herein generally represents L 

l- 
the conditions that will be encountered in the performance of the Subcontract; 
however, any interpretation or conclusion ‘reached by the Subcontractor in pre- 
paring his Unit Price Schedules will be his sole responsibility. L 



L CTP-11. ACCOMNODATIONS 

f 

b near the drilling location, as designated by the Contractor. 
The Subcontractor will be required to make his own arrangements with his employees 
for housing and feeding. The Subcontractor may locate toolpusher's house trailcr 

m-12. DERRICK MISALIGHMENT 

If, at any time, the Subcontractor's derrick becomes misaligned over a hole, the 
Subcontractor shall be required to commence realignment operations within eight 
hours of the misalignment. If such misalignment occurs as the result of fault 
or negligence on the part of the Subcontractor, the Subcontractor shall receive 
no compensation for the time or cost spent 
is not the fault of, or caused by, Subcontractor negligence, the Subcontractor 
shall be compensated under Item 2. of the Unit Price Schedule. 

in realignment. If the misalignment 

CTP-13. LOSS OF HOLE 

A hole shall be termed "lost" if the Contractor determines that the condition of 
the hole will prevent its successful completion, or if for any reason the Contrac- 
tor deems it impractical to continue drilling. 
a hole has been lost before required depth has been attained, and that further 
attempts t o  complete it will be impractical, he shall order work on the hole stopped, 
shall investigate the circumstances in contributing to its  lo s s ,  and shall notify 
the Subcontractor of his decision in writing. The Contractor may, at his option, 
order the commencement of work at an alternate location. 

If the Contractor determines that 

Contractor shall assume liability, while work is being performed under Contractor- 
directed operations, for loss of, damage to, or destruction of. the hole, Subcon- 
tractor's in-hole equipment, including, but not limited to, drill pipe, drill. 
collars, subs, stabilizers, and bits, unless such Loss, damage, or destruction 
shall be caused by the Subcontractor's fault or negligence. 

CTP-14. ABAND0"T 

In the event that, prior to completion of the work required, a hole covered by 
this Subcontract is abandoned, upon direction of the Contractor, the Subcontrac- 
tor will be paid for work performed under the applicable items of the Unit Price 
Schedule. 

The term "abandonment" as used in this paragraph shall mean abandonment to suit 
the convenience of the Contractor, as directed by the Contractor, under conditions 
which do not come within the scope of the 
these specifications. 

ragraph entitled "Loss of Hole" of 

CTP-15. FOR PRESSURE VE 

All Subcontractor's compressed air equipment and accessories shall be designed, 
fabricated, inspected, and certified in accordance with the SAME Boiler and 

E15 
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1 ,  
Pressure Vessel Code, Section VIII. For equipment fabricated under the 1968 Code, 
either Division I or Divisibn I1 (but not both) of the Code may be used. 

CTP-16. 
Ld 

L 

1; 
i, 

PRESERVATION OF ANTIQUITIES, WILDLIFE, AND LAND AREAS 

Federal law provides for the protection of antiquities located on land owned or 
controlled by the U. S. Government. 
relics, and artifacts. 

quities discovered thereon will not be 'disturbed or destroyed by such personnel. 
It shall be the duty of the Subcontractor to report the existence of'any antiquities 
so discovered. 
such vegetation must be removed for survey or construction purposes. 
wildlife shall be protected. 

f i  

Antiquities include Indian graves, or campsites, 
The Subcontractor shall control the movements of his persounel 

and his Subcontractor's personnel at the jobsite to ensure that any existing anti- b 

The Subcontractor shall also preserve all vegetation except where 
Further, all 

f '  CTP-17. RESPONSIBILITY FOR LOSS OF OR DAMAGE TO EQUIPMENT 

1. 

2. 

- t  Subcontractor's Surface Equipment. 
for damage to or destruction of Subcontractor's surface equipment including 
all drilling tools, machinery, and appliances for use above the surface and 
€or any other type of equipment including in-hole equipment when such in-hole 
equipment is above the surface, regardless of when or how such damage or des- 
taction occurs. 
the Subcontractor for any such loss except loss of damage thereto caused by 
negligence of the contractor, its agents, or employees. 

Subcontractor shall be liable at all times 

I: 
L The Coutractor shall be under no liability to compensate 

I -1 u 
Loss of Tools in the Hole 

a. Contractor-Directed Operations. 
in the hole, while working under Contractor-Directed Operations, the 
Subcontractor shall notify the Contractor or his authorized represen- 
tative of the existing conditions immediately, to be confirmed in writ- 
ing as soon as practicable, and initiate such action as is required to 
commence fishing operations as soon as practicable. 
review and evaluate the circumstances resulting in the loss of tools in 

When it is necessary to fish for tools 

The Contractor will 

' the hole. 

i. If the investigation by the Contractor shows that the Subcontrac- 
tor was neither negligent nor in violation of good drilling prac- 
tice, the Subcontractor will not be heldresponsible for costs 
resulting frm the loss of tools or for costs of fishing effarts 
conducted to recover lost tools. The value of Subcontractor- 
owned tools lost or damaged in the hole during hourly rate opera- 
tions will be equitably compensated. 

ii. Sf the Contractor's investigation shows that the Subcontractor was ei 

7 '  
negligent or was in violation of good drilling practice in the 
performance of his duties, the Subcontractor will not be compen- 
sated for the value of Subcontractor-owned tools or equipment which 
may have been lost or damaged. Additionally, the Subcontractor 

. 
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b. 

CTP-18. 

will be held responsible to the Contractor for the value of any 
Contractor-furnished tools or equipment which may be lost or 
damaged. All costs incident to such loss of or damage to the 
Contractor-furnished tools or equipmen! will be determined by 
the negotiated agreement of the partie$. 

Auy dispute concerning a question of fact under this paragraph 
iii. shall be subject to Article 11, "Disputes", of the General 
Provisions. 

iii. 

ContractorFurnished Equipment. Except as provided for in paragraph ii. 
above, "Loss of Tools i n  the Hole", all machinery, tools ,  materials and 
equipment furnished by the Contractor, shall, at the completion or aban- 
donment of the hole, be returned to the Contractor in as good condition 
as when received by the Subcontractor, ordinary wear and tear excepted. 
The Subcontractor shall be liable to the Contractor for any loss or damage 
to such equipment beyond such ordinary wear and tear, and for loss or 
damage due to the negligence or carelessness of the Subcontractor. 

CONTRACTOR MINIMUM EQUIPMENT REQUIREMENTS AND STANDARDS 

The following American PetroEeum Institute Standards and Recommended Practices of 
the latest issue, as of the date of bid opening, are a part of these specifications 
whenever applicable to standardized equipment. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

API Std. 4A 

API Std. 4E 

API Std. 7 

API Std. 8A 

API Std. 9A 

API RP-sc1 

API RP-9B 

API RP-13B 

( 

Specifications for Steel Derricks 

Specifications for Drilling and Servicing Structures 

Specification for Rotary Drilling Equipment 

Specification for Hoisting Equipment 

Specification for Wire Rope 

Recommended Practice for Care end Use of Casing, 
Drill Pipe and Tubing 

Recommended Practice on Application, Care and Use 
of Wire Rope for Oil Field Service 

Recommended Practice and Standard Procedures for 
Testing Drilling Fluids 

Manufacturer's Ratings Shall Apply f o r  Equipment 
not Covered by the API Standards. 

E17 



c 

b 

E '  
L 



Target Rig No. 15 

Plugging and Abandonment 
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Subcontract No. 025140 

OFFER 

In compliance with the  S o l i c i t a t i o n ,  the  undersigned o f f e r s  and agrees ,  i f  t h i s  
o f f e r  is accepted within 
period is inser ted  by the  o f f e ro r )  from the da t e  f o r  r ece ip t  of o f f e r s  spec i f i ed  
i n  the  So l i c i t a t ion ,  t o  furn ish  any or a l l  i t e m s  upon which pr ices  are of fered  a t  
t h e  p r i c e  set opposite each i t e m ,  wi thin the  time spec i f ied  i n  the  schedule. 

calendar days (60 calendar days unless  a d i f f e r e n t  

Discount for prompt 

X 10 calendar 

x calendar 

NAME AND ADDRESS OF 

payment : 

days ; X 20 calendar days; X 30 calendar days; 

days 

OFFEROR: (S t r ee t ,  Ci ty ,  County, ZIP Code, Area Code, and 
Telephone) 

Target Well S e d c i n g  
1000 one Allen Cenier 
Howtan TIC 77002 

NAME ANI) TSTLE OF PERSON AUTHORIZED TO SIGE OFFER (Type o r  P r i n t )  

Gordon A. G r i f f i t h ,  Vice-President 
Typed Name T i t l e  

December 2, 1980 
Offer Date 

RECEIPT OF AMENDMENTS: 
amendments of the inv i t a t ion  f o r  bids ,  drawings, and/or spec i f i ca t ions ,  etc. 
(Give number and da te  of each): 

The undersigned acknowledges rece ip t  of t h e  following 

B-20 





Target W e l l  Servicing 
1000 One U e n  C a t e r  
Hauston, Turas 77002 

D e c a a b e r  2, 1980 1- 
b 

t 

t 



a 

1p 

'cu 

L 

L 

4 '  
L 

i '  
i 

CONDITIONS AND TECHNICAL, PROVISIONS 

tm-01. 'LOCATION 

cTP-02. COMMENCEMENT AND CO2QLETION 

The Subcontractor shal l  complete mobilization within f ive  (5) calendar days after 
the da te  of receipt of Notice t o  Proceed and shall complete t h e  e n t i r e  work under 
the Unit Price Schedule 
t o  Proceed. 
spent on Contractor-Directed Qperatious and Standby, t o  the extent t ha t  is deemed 
neces s ary . 

days after t h e  date of receipt  of Notice 
' 

The contract  completion date  w i l l  be extended by the amount of time 

S ! U l " T  OF WORK 

A. General Description of Work. The Subco ac tor ' s  work t o m i s t s  of furnishing 
a l l  personnel, equipment, materials and services, and supplies as specified herein,  
f o r  conducting the . fo l l a t ing  vork: See Tentative Dri l l ing Program, Attachment 

B. e minimum cqui a c i l i t i e s ,  services ~ 

and is specified i n  CTP-07. All contractor- 
furni8hed items w i l l  be delivered t o  and picked up from the d r i l l  site by others.  
The minimam equipment and sentices designated to  be furnished and operated by the  
Subcontractor w i l l  be  a t  00 additional cost  to  the Contractor. 

C. Workweek and Personnel Requirement. The Subcontractor shal l  furnish minimum . 
three man qual i f ied d r i l l i n g  crew, 
f d a y  week operation. 

uding toolpusher, t o  maintain a 26-hour day, 

Contractor agrees t o  furnish a11 mud additives and chemicals and w i l l  arrange t o  
purchase a l l  necessary engineering services. 
dictated by hole conditions. 

Mud program w i l l  be designed as 



cpP*s. STRAIGHT UOLE SPECIFICATIONS 
i- 

0 
of the hole 
t o t a l  depth. 

! 

I 
I 
~ 

, .. 

i 

Except as authorized by the  Contractor, the maximum 
is not t o  exceed one degree p e r  100-feet and not t o  

CPP-06. PROPOSED CORING PRWRAM 

I. 

2. 

3; 

4. 

5. 

6. 

7. 

8. 

9 .  

10. 

11. 

CPP-07 : MINIMUM EQUIPMENT AND SERVICES 

Trucking service and other transportation, 
hauling o r  winching services as required t o  
mawe Subcontractor's property t o  location, 
fig up Subcontractor's r i g ,  and remove.al1 
of Subcontractor's property from location. 

D r i l l b g  b i t s ,  reamers, s t ab i l i ze r s ,  reamer 
cutters, and other d r i l l i n g  tools as required. 

- 

Fishing tool  services and f ishing too l  ren ta l .  

Derrick timbers. 
, 

Normal s t r ings  of d r i l l  pipe and d r i l l  co l la rs .  
(See Items No. 43 and 44) 

Conventional d r i f t  indicator.  

Earthen mud p i t s  anti resemre p i t s .  

Steel mud tanks i f  required. 

Necessary pipe racks and rigging up material. 

Normal storage for mud and chemicals. 

Necessary spools, flanges and f i t t i n g s  t o  
connect blowout preveaters. 

8-24 

allowable deviation 
exceed f ive  degrees 

Contractor Subcontractor 

xx 

To Be Provided By 
And AC Expense Of 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx' 



h and maintain adequate roadway t o  
location, r ights-of =way, including rights- 
ofvay for fuel and water lines, river 
.crossings, highway crossiag, gates and cattle 
guards 

Staked, levelled and compacted location, 
includiag earth pits. 

Kat and mouse holes to meet subcontractor's 
requirement. 

Test tanka with pipe and fittings. 

Separator with pipe and fittings. 

Labor to connect and disconnect Subcon- 
tractor's mud tank. 

Labor to disconnect and clean test tanks 
and separator. 

Drilling mud, chemicals, last circulation 
materials and other additives. 

All tubular goods, miscellaneous line pipe 
and fittings. 

All testing tools including inflatable 
and retrievable packers. 

Special tools, casing scraper, erc. 

Special mud pump capacity in excess o f  
rig requirements. 

13. 

14. 

15. 

16. 

17. 

19. 

20. 

21. 

22. 

24. Wireiine split and cowentianal core 
barrels and wireline core catchers: 
two each ten-feet long split core barrel; 
one each twenty-feet long conventional 
barrel . 

a. Comrentioqal core bits,barreIs 
26. Diamond wireline core bits. 

27. Cement and cementing service. 

L .  

28. . Logging services. 

To Be Provided By 
And At Expense of 

Contractor Subcontractor 

xx 

xx 

xx 

w. 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

1/A 

xx 

H/A . 

xx 

xx 



29. Directional, caliper, or other special 
services. 

30. 'Gun or jet perforating services. 

31. Core boxes, wrapping supplies, and storage 
facilities. 

32. Formation testing, hydraulic fracturing, 
acidizing, and other related services. 

33. Equipment for drill stem testing. 

34. Mud Logging Sentices. 

35. Sidewall Coring Senrices. 

36. Welding Semice (Except for Subcontractor's 
equipment 1 . 

37. Casing, tubing, liners, screen, float 
collars, guide and float shoes, and 
associated equipment. 

38. Casing scratchers and centralizers. 

39. Wellhead and connections for all equipment 
to be installed in or on well or on the 
premises f o r w e  in connection of well. 

Water at Source and Water Iiauling Service. 40. 

.41. Water storage tanks 1000 gallon capacity. 

42. Fuel and'lubricants for Subcontractor's 
equipment. Contractor t o  reimburse 
Subcontractor for diesel fuel i n  excess 
Of - per gallon. 

To Be Provided By TI 

L+ 
And At Expense Of 

Contractor 

xx 

xx 

xx 

xx 

xx 

xx 
xx 

xx 

xx 

xx 

Subcontractor 

xx 

xx 

43 Drill pipe. 

44. Drill collars. 

45. Handling tools, clamps, etc., for each 
dtilling assembly. 

46. Weight indicator. xx 

0-26 



To Be Provided By 
And At Expense Of 

Contractor Subcontractor 

47. If applicable, drill pipe protectors for 
Kelly joint and each joint of drill pipe 
&pg inside of casing for use with 
normal strings of drill pipe. xx 

"48. Automatic driller (Optional). N/A 

49. Materials for "boxing id' rig and derrick. 

50. ConventioPaL core barrel. . xx 

51. Drilling recordet-miirimun! 2-pin. xx 

N/A 

labor for runuing and cementing casing. xx 

xx 

aiug-conductor. xx 
xx 

X 

xx 
xx' 
xx 

56. Running of cash; protectian, if applicable. 

57. Runuing of cas- productian, if applicable. 

58. Running of casing liner, if applf 

50. Tubing tools, xx 
61. Power tubing tong. 

lot 

xx 
lot 

xx 

'xx  
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To Be Provided By 
And At Expense Of LTd 

t '  
Contractor Subcontractor L 

67. Drill rig-minbmm failing 1500 rotary rig or 
. approved equal for continuous wireline coring 
and drilling to - + 1500 feet. 

Two adequate circulating pumps and adequate 
mud mixing pumps. xx 
1000 gallon water truck with driver for 
hauling water within two miles of work sites. 

Minimum of one two-way communications system. 

N/A 

68. 

69.  
N/A 

70. 

71. IADC Daily Drilling Report, Bit Record and 
Tally Forms. xx 

The above Subcontractor designated items are the minimum acceptable requirements 
f o r  the Subcontractor drilling equipment. This is not intended to be.a complete 
list of items to be furaished by the Subcontractor. 
to furnish all drilling maintenance tools, materials, -and equipment not herein 
designated, but which are oonnal components for a complete drilling rig required 
far drilling and testing operatioas described in these specifications. 

Tpe Subcontractor is required 

m-08. UNIT PRICE ScEfED;pLE ITEMS DEFINED 

Paragraph headings in this Special Condition correspond to items of the Unit Price 
Schedule. 

1. 

bly. 
location and rigged up ready to spud. 
the above mobilization work under Item 1 of the Unit Price Schedule. 

Mobilization. 
up any lower-tier Subcontractor's equipment, and pick up first drilling assem- 

The Subcontractor shall move in and rig up his equipment, rig 

Mobilization shall be considered complete when all the equipment is on 
The Subcontractor shall be paid for 

2. CoatractorDiretted Ooerations. Operations uuder this category shall include, 
but are not limited to: Contractorfurnished surveying, plug backs, drilling, 
coring, reaming, hydrologic testing, inserting and retrieving casing, placing 
cement and regaining lost circulation. 
by the Contractqr. All work on an hourly rate basis shall be perfonned with a 
full complement of operating personnel and at the direction of the Contractor. 
If it becomes necessary t o  rhut down Subcontractor's rig for repairs while 
performing work. on an hourly rate basis, Subcontractor shall be allowed compen- 
sation for such repair time at the applicable hourly rate. The number of hours 
devoted to repair work for which the Subcontractor may be compensated shall be 
limited to an accumulated total of 12 hours for each 15 day period. 

A l l  operations will be done as directed 
L 
L 
t 

G 
t 
1 

r 



Contractor-directed operations will be paid for Item' 02. of the Unit Price Schedule. 

3. Stondby Ready. 
all operations and standb n a ready coadition. full complement of personnel 
and equipment shall be ma ahed at the work ra'i eady to resume operations 
immediately. 
Cement IIardening Time, or any operations not requirhg the use of rig engines 
or drill assembly. 
Price Schedule. 

When directed by the Contractor, the Subcontractor shall cease 

Operations =der this category shall include Geophysical Logging, 

Standby ready time will be paid under Item 03. of the Unit 

4. D~bilQzation. Upon completion of the work under this Subcontract, the Sub- 
. contractor shall remove all rubbish and debris from the drill site and shall 
remove all of his equipment withia tea calendar days. 
a o t  be responsible for levelling the work site or draining and backfilling pits. 
Demobilization will be paid under Ita 04. of the Unit Price Schedule. 

The Subcontractor will 
b 

t 

m-09 RECORDS AND OBSERVATIOHS 

Providing the f o l l d n g  records and observations shall be a part of the Subcon- 
ional payment will be made. 

IADC official Standard Daily 
dule quantities for pay estimate purpose 
Uing Report. The general remarks 
ord of hole-conditions, work performed, 

quarter-hour, The original and 
be submitted to the Contractor 

or his authorized representative. 

bit record shall be furnishe 
Records must show bit types, 
weights, manufacturer, and s 

Accurate Pipe Tallies shall be the Subcontractor's responsibility and shall be 
available at the drill site for inspectior! at all times. Copies of steel tape 
measurements of drill pipe and casing shall be furnishsd by the Contractor. 

- 
2. Bit Records shall be*maintained daily aud posted in the doghouse. A complete 

the Contractor a t  the Completion of a hole. 
kes, footages, depths, rotary speeds, bit 

3.  

INFO 

1. formation and data furnished both in these specifications and 
at the Cantractor's office are not intend 
but are furnished for information only. 

the conditions that will'be encountered in the performance of the Subcontract; 
however, &y interpretation or conclusion reached by the Subcontractor in pre- 
paring his Unit Price Schedules will be 

representations or warranties, 

anticipated tha he iufonnation c rally represents 

sole regponsibility. 

5 2 9  



m-11 . ACCOMMODATIONS 

The Subcontractor will be required to make his own arrangements vith his employees 
for housipg and feeding. 
near the drilling location, as designated by the Contractor. 

The Subcontractor may locate toolpusher's house trailer 

CTP-12 DERRICK MIsAL1- 

If, at any the, the Subcontractor's derrick becomes misaligned aver a hole, the 
Subcontractor shall be required to commence realignment operations within eight 
hours of the misalignment. If such misalignment occurs as the result of fault 
or negligence on the part of the Subcontractor, the Subcontractor shall receive 
no compensation for the time or cost spent 
is not the fault of, or caused by, Subcontractor negligence, the Subcontractor 
shall be compensated under Item 2. of the Unit Price Schedule. 

in realignment. If the misalignment 

CTP-13. LOSS OF HOLE 

A bole shall be termed "lost" if the Contractor determines that the condition of 
the hole Will prevent its successful cqmpletion, or if for any reason the Contrac- 
tor deems it impractical to continue drilling. 
a hole has been lost before required depth has been attained, and that further 

If the Contractor determines that 

attempts to complete it wfll be impractical, he shall- order work on the hole stopped, 
shall iwestigate the circumstances in contributibg to its loss ,  and shall notify 
the Subcontractor of his decision in writing. The Contractor may, at his option, 
order the commencement of work at an alternate location. 

Contractor shall assume liability, while work is being performed under" Contractor 
directed operations, for loss of, damage to, or destruction of the hole, Subcon- 
tractor's in-hole equipment, including, but not limited to, drill pipe, drill 
collars, subs, stabilizers, and bits, unless such loss,  damage, or destruction 
shall be caused by the Subcontractor's fault or negligence. 

1; 

CTP-14. A B A N D 0 " T  

Ia. the event that, prior to completion of the work required, a hole covered by 
this Subcontract is abandoned, upon direction of the Contractor, the Subcontrac- 
tor Will be paid for work performed under the applicable items of the Unit Price 
Schedule. 

b 
The term "abandonment" as used in this paragraph shall mean abandonment to suit 
the convenience of the Contractor, as directed by the Contractor, under conditions 
whi'ch do not come within the scope of the paragraph entitled "Loss of Hole" of 
these specifications. 

CTP-1s. STANDARD FOR PRESSURE VESSELS . .- L 
L: 

t 

I '  
i j  A l l  Subcontractor's compressed air equipment and accessories shall be designed, 

fabricated, inspected, and certified in accordance with the S A i i  Boiler and 
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Pressure.Vesse1 Code, Section VIII. 
either Division I or Divisi 

For equipment fabricated under the 1968 Code, 
I1 (but not both) he Code MY be used. 

CTP-16 . 
Federal law provides for the protection of antiquities located on land owned or 
controlled by the IJ. S. Governmeat. 
relics, and artifacts. 

- and his Subcon~ractor's personnel at the jobsite to ensure that any existing anti- 
iscavered thereon will not be disturbed o t  destroyed by such personnel. . 

PRESEBVATZON OF ANTIQUITIES, WILDLIFE, AND LAND AREAS 

Antiquities include Indian graves, or campsites, 
The Subcontractor shall control the mvements of his personnel 

e the duty of the Subcontractor to report the existence of any antiquities 
ed. 'She Subcontractor shall. also preserve all vegetation except where 

such vcgetarioa =st be removed for surpey or construction purposes. 
wildlife shall be protected. 

Further, all 

CTP-17. BZSPONSIBSLXTY FOR LOSS OR D w  TO EQU- 

1. Subcontractor's Surface Equipm . Subcontractor shall be liable at all the8 
for damage t o  or destruction o f  Subcantrector's surface equipment including 
all.,drilling tool., machinery, and appliances for use above the surface and 
for any other type of equipmen including in-hole equipment when such h-hole  
equipment is above the surface regardless of when or how such damage or des- 

the Subcontractor for aay such loss except 1 0 S 6  of damage thereto caused by 
negligence of the Contractor, its agents, or employees. 

. tructioa occurs. The Contractor shall be under no liability to compensate 

2. Loss of Tools in the Hole 

a. ContractorDirected Operations. When it is necessary to fish for tools 
in the hole, while working under Contractor-Directed Operations, the 
Subcontractor shall notify the Cuntractor or his authorized repreren- 
tathe ofsthe existing conditions immediately, to be confirmed in writ- 

' ing as soen as practicable, and initiate such action as is required to 
commence fishing operations as suo9  as practicable. 
review and evaluate ths tances resulting in the loss of tools in 
the hole. 

If the bestigation by the Contractor shows that the Subcontrac- 
tor was neither negligent nor in violation of good drilling prac- 
tice, the Subcontractor will not be heldresponsible for costs 
resulting from the loss of tools or for costs  o f  fishing efforts 
conducted to recover lost tools. The value of Subcontractor 
owned tools lost or damaged in the hole during hourly rate opera- 

The Contractor will 

' 

i t i o n s  will be equit y compensated. 

i i .  If the tractor's investigation shows that the Subcontractor was 
negligent or was 
performance of his duties, the Subcontractor will not be compen- 
sated f o r  the value of Subeontractorowned tools or equipment which 
may have been fo6t or damaged. Additionally, the Subcontractor 

violation o f  good drilling practice in the 
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b. 

CTP-18. 

1 s  

will be held responsible to the Contractor for the value of any c. 
Contractor-furnished tools or equipment which m y  be lost or 
damaged. All costs incident t o  such loss of or damage to the 
Contractor-furnished tools or equipment will be determined by 
the negotiated agreement of the parties. 

iii. Any dispute concerning a question of fact under this paragraph 
iii. shall be subject to Article 11, "Disputes", of the General 
Ptoviaions . 

ContractorFurnished Equipment. Except as provided for in paragraph ii. 
above, "Loss of Tools in the  Hole", all machinery, tools, materials and 
equipment furnished by the Contractor, shall, at the completion or aban- 
donment of the hole, be returned to the Contractor in as good coudition 
as when received by the Subeontractor, ordinary wear and tear excepted. 
The Subcontractor shall be liable to the Contractor for any loss or damage 
to such equipment beyond. such ordinary wear and tear, and for loss or 
damage due to the negligence or carelessaess of the Subcontractor. 

CONTBACTOR MINSMUM EQUIPMENT REQUIREMENTS AND STANDARDS 

The following American Petrofeum Institute Standards.and Recommended Practices of 
the latest issue, as of the date-of bid opening, are;a part of these specifications 
whenever applicable tu standardized equipment. 

1. APlc Std. 4A 

2. API Std. 4E 

3. BPI Std. 7 

4. API Std. 0A 

5. * API Std. 9A 

6. API RP-5C'z 

7. API RP-9B 

a. API RP-UB 

9. 

Specifications for Steel Derricks 

Specifications for Drilling and Servicing Structures 

Specification for Rotary Drilling Equipment 

Specification for Hoisting Equipment 

Specification for Wire Rope 

Recormnended Practice for Care .iud Use of Casing, 
Drill'Pipe and Tubing 

Recpmmended Practice on Application, Care and Use 
of Wire Rope for Oil Field Service 

Recommended Practice and Standard Procedures for 
Testing Drilling Fluids 

Manufacturer ' s Ratings Shall Apply for Equipeuc 
not Covered by the API Standards. 

532 



Daily Drilling 
Report Date 

10-23-80 

10-24-80 

10-25-80 

10-26-80 

10-27-80 

10-28-80 

10-29-80 

DOE CONTRACT NO. 
OE-AC08-80ET-2708 1 

Day No. Ope rations 

1 Loaded rig and equipment and moved to location. 

2 Arrived on location and began to rig up. Checked 
pressure on well. Shut-in tubing pressure and shut-in 
casing pressure were 2600 psi. 

Rigged up Swaco choke and flow lines. Started displacing 
water with 13.2 ppg mud. Had 400 psi on the casing and 
700 psi on the tubing. Continued displacing water with 
13.2 ppg mud. 

4 Circulated and conditioned mud until well was dead. 
Rigged up rig floor and tongs. Tested blowout preventers 
to 5000 psi and hydrU to  3500 psi. Pulled 2-3/Sn O.D. 
tubing out of the hole (total 258 joints). Laid down packer 
and picked up 6" O.D. bit and ran in hole to 9688'. 
Circulated and conditioned mud prior to logging. 

Rigged up Dialog Ran casing inspection log from 9755' to 
surface. Rigged down Dialog. Nippled down blowout 
preventer stack and removed old tubing hanger. Nippled 
up new t u b i i  hanger, but seal failed. 

Installed new seal in tubing hanger, nippled up tubing 
head, and tested same to 5000 psi. Nippled up blowout 
preventer stack and tested same t o  5000 psi (hydril to 
3500 psi). Rigged up floor and tongs. Ran in hole with 
collar made into a rotary shoe at the  bottom, tagged fill 
at 9760' and worked same to 9819'. Circulated and 
conditioned mud. Replaced packing in mud pump. Pulled 
and layed down 6 joints of tubing (bottom at 9642'). 
Rigged down floor and tongs. Nippled down blowout 
preventer stack and nippled up Christmas tree. Tested 
same to 5000 psi. Rigged up Dialog and ran in hole. 
Tagged bottom at 9813'. 

3 

5 

6 

7 Rigged down Dialog. Rigged down equipment and rig. 
Moved rig off location. 

Eaton Industries of Houston, Inc. 
Eaton Operating Go., Inc. 

3104 Edloe, Houston, Texas 77027 
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10-30-80 8 

10-31-80 9 

1 1-0 1-80 10 

Rigged up Halliburton and displaced 13.2 ppg mud with 9.0 
ppg completion brine. Rigged down and released Hallibur- 
ton. Had a shut-in tubing pressure of 1950 psi. Opened 
well to pit on open choke and had a flowing tubing 
pressure of 250 psi and a shut-in casing pressure of 2045 
psi. Shut-in well for pressure build up. 

Rigged up Dresser Atlas and perforated interval from 
9749 to 9820' with 8 holes per foot. W e l l  had a shut-in 
tubing pressure of 2450 psi and produced a total of 250 
barrels of water. 

No activity. Shut-in tubing pressure was 2450 psi. 

DOE CONTRACT NO. 
DE-AC08-80ET-27081 

Eaton Industries of Houston, Inc. 
Eaton Operating Co., Inc, 

c-2 
31 04 Edloe. Howton, Texas 77027 



APPENDIX llC1f 
SUMMARY OF RIG OPERATIONS 

RIDDLE - SALDANA NO. 2 
PLUGGING AND ABANDONMENT OF TEST WELL 

1 1  

Daily Drilling 
Report Date Day No. 

12-04-80 1 

18  
&I 

I &  

I '  
911 

12-05-80 

12-06-80 

12-07-80 

2 Moved in and rigged up cementing equipment and tied in 
vacuum trucks. Displaced salt water with 13.5 ppg mud 
and changed out lines. Nippled up blowout preventors and 
puIled out of the hole, laying down 720' of 2-3/8" O.D. 

Pulled 2-3/Sn O.D. tubing out of hole. Ran in hole with 
gauge ring/junk basket to 9640'. Collar locator indicating 
rough pipe. Ran in hole with EZSV cement retainer and 

ame at 9547'. Pulled out of the hole with setting 
th stinger for cement retainer. 

4 the hole to 9534'. Pumped 13.0 ppg 
on with 4100 psi at 1 barrel per 

pumped. 200 sacks of cement (190 
sacks into formation and 10 sacks above retainer). 
Circulated and pulled out of the hole, laying down 24 
joints of pipe. Rigged up and ran a cast iron bridge-plug 
and set same at 9386'. 

tubing. 

3 

12-08-80 5 owout preventer stack, double ring adap- 
string tubing hanger. Rigged up casing 
ed 1-inch casing pump to casing stub. 
ibs. to clear sups from bradenhead. 

ted pipe stuck at 5800'. Rigged up free- 

12-09-80 6 with jacks. Ran in hole with free 
point indicator, but it was not working properly. Pulled 
out of hole and replaced arms. Ran in hole with tool - 
deepest point at 6100' was partially free. Pulled out of 
the hole with free  point indicator and ran in hole with 
chemical casing cutter. Cut casing at 6061'. Pulled out 
of the hole with landing joint and 3 full joints. Pulling 
between 120,000 and 130,000 Ibs. Rigged-down jacks, 
stripped off bowls, and loaded out jacks. Rigged up 

I '  
iJ 

. I  13-3/8" O.D. blowout preventers. 
I 

DOE CONTRACT NO. 
b 
\ i  DE-AC08-80ET-27081 

Eaton Industries of Houston, Inc. 
Eaton Operating Co., Inc. 

3104 Edloe, Houston, Texas 77027 
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1 2-1 0-80 

12-11-80 

~ 12-12-80 
, 
, 

12-13-80 

12-14-80 

12-1 5-80 

1 2- 1 6-80 

12-1 7-80 

DOE CONTRACT NO. 
DE-AC08-80ET-2708 1 

9 

10 

,11 

12 

13 

14 

Finished changing to '/-inch O.D. rams. Replaced rig 
floor. Rigged up casing crew and lay-down unit. Whi le  
laying down 7-inch, casing tongs failed. Rigged-up 
replacement tongs and layed down 53 joints. 

Opened well and tied in hydraulic tong unit. Continued 
laying down 7-inch casing. Rigged down and loaded out 
casing tools and laydown mad-iiie. Changed rams. 
Picked up and ran in hole with EZSV cement retainer on 

Ran in hole with 9-5/811 O.D. cement retainer and set 
same at 6027'. Rigged up cementing unit and tested 
tubing. Rebuilt casing connections. Leak developed on 
tubing-hanger flange. Picked up BOP stack and made tie- 
ins. Mixed and pumped 80 sacks of class oHn cement with 
a slurry weight of 15.6 ppg. Top of plug at 5782', bottom 
of plug at 6027'. Pulled out of the hole 420' and reversed 
out. 

2-3/8" 0.D. tubing. 

t '  
Id 

t 

i; 
i 
L 
I 

t Lay& down 2-3/8" 0.D. tubing. Started digging out 
casing hanger and bradenhead. 

Continued digging out cellar. Nippled down BOP stack. 
Rigged up CRC and ran in hole to 400' with casing cutter. 
Tool failed. Replaced 9-5/8" casing cutter, ran in hole 
and cut 9-5/8" O.D. casing at 400'. Pulled out of the hole 
and picked up 9-S/S1 spear; pulled casing free with 51,000 
lbs. 

No operations. Shut down for Sunday. 

Rigged up casing crew and lay-down machine. Layed 
down 9 joints of 9-5/8" O.D. 47.O-lbs/ft casing. Rigged 
down and loaded out casin crew equipment and lay-down 
machine. Picked up 13-3 B 8'' O.D. EZSV cement retainer 
and ran in hole and set same at 352'. Rigged up 
cementing equipment. Attempted to break down forma- 
tion without success. Spotted a 250-sack class 'IH*', 15.0 
ppg slurry, cement plug from 0' to 352'. Lay4 down 
2-3/8" O.D. tubing. Washed cement out of blowout 
preventors and top of pipe. 

Finished rigging down and moving out. Cut off 20" O.D. 
and 13-3/8" O.D. casing. Welded steel plate on stub 3' 
below ground level. 

Eaton Industries of Houston, Inc. 
Eaton Operating Co., Inc. 

C-4 
3104 Edloe. Houaton, Texas 77027 
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APPENDIX "D" 
SUMMARY OF RIG OPERATIONS 

COMPLETION OF DISPOSAL WELL 
RIDDLE - SALDANA NO. 1 

Daily Drilling 
Report Date Day No. 

28-80 

10-30-80 I 
master valve. Nippled up and tested blow-out preventer 
stack to  5000 psi. Tested hydra to 3500 psi. Rigged up 
floor and tongs. Displaced water and 13.3 ppg mud. 

d conditioned mud. Pulled out of the hole. 

ut  of the hole. Made up setting tool and 
Ran in hole with cement retainer. 

t EZSV at 9680'. Attempted to break 
rrnadon down with 6500 psi -unable to break it down. 

Set cement plug from 9475' t o  9675'. Reversed out and 
of the hole, laying down 

ippled down stack and welded on 

slips and seal. Rigged up 

wout preventers and 

ch O.D. casing at 
the cutting tool became stuck, but it 

2 

Dialog to cut 7-inch 

Rigged down Dialog and 

same. Experienced 
not hold onto collars. 

11-02-80 4 Finished rigging up back-up tongs and continued laying 
down 7-inch O.D. casing - very tight connections. A 
hydraulic line ruptured, causing the hydraulic unit to fall. 
Replaced the hydraulic unit. Finished laying down 7-inch 
O.D. casing and loaded out the casing crew. Changed the 
blowout preventer rams and picked up 9-5/8" O.D. casing 
scraper. Ran in hole. 

11-03-80 5 Washed down with 9-5/8" O.D. casing scraper. Circulated 
and conditioned mud at 4758'. Pulled out of the hole, but 

pulling 7-inch 0.D. CgSing 

DOE CONTRACT NO. 
DE-AC08-80ET-2708 1 

Eaton Industries of Houston, Inc. 
Eaton Operating Co, Inc. 

D-1 
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pin backed out of bottom of collar. Ran in hole with 
collar down and engaged fish. Pulled out of the hole with 
fish and layed down same. Picked up Baker cement 
retainer and ran in hole to 4720'. Tested tubing to 4500 
psi and rigged up Halliburton. 

11-04-80 6 Set a cement retainer at 4729 and put 1200 psi on casing; 
unable to break down formation at 4000 psi. Spotted a 
200' cement plug in the 9-5/8" O.D. casing between 4515' 
and 4715'. Circulated in reverse and pulled out of the 
hole. Laid down setting tool and rigged up Dresser-Atlas. 
Ran a cement bond log which had very poor resolution. 
Rigged down Dresser-Atlas. Rigged up McCullough to run 
casing inspection log. Achieved very poor resolution. 
Rigged up Dresser-Atlas again and ran cement bond log. 
Picked up and ran in hole with Halliburton bridge-plug on 
wireline. It failed to set. pulled out of the hole to repair 
collar locator. Ran back in the hole with Halliburton 
bridge-plug and it again failed to set. Attempted to come 
up the hole, but the bridge plug kept hanging up. Worked 
bridge plug back down to  4019' and worked on it approxi- 
mately 20 minutes, pulling up to 4000 lbs. 

Pulled out of rope socket and pulled out of the hole with 
wireline. Picked up overshot and skirt guide. Ran in hole 
and tagged fish at 4536'. Worked over fish pulling 4000 
Ibs over weight of string until overshot came loose. Could 
not get another hold on the fish. Pulled out of the hole 
and broke down overshot for inspection. 

11-05-80 7 Rigged up McCullough and ran casing inspection log from 
4000' to surface. Made u Baker bridge-plug. Ran in hole 
with bridge-plug on 2-3 P 8" O.D. tubing and attempted to 
set same. Unable to set. Pulled out of the hole with 
bridge-plug. Ran back in hole open-ended to 3518'. 
Rigged up Hailiburton and set a 200' cement plug from 
3318' to 3518'. Pulled out of the hole. Ran in hole with 
Baker full bore packer on 2-3/8" O.D. tubing to 2950' and 
tested annulus to 500 psi. Rigged up Dresser-Atlas and 
perforated interval from 3158' to 3160'. Attempted to run 
cement squeeze but could not pump into perforations. 

DOE COMRACT NO. 
DE-AC08-8OET-27081 

Eaton Industries of Houston, Inc. 
Eaton Operating Co., Inc. 

D-2 
31 04 Mloe, Houston, Texas 77027 

I 



* I  

i l  

Y 
11-06-80 8 Perforated interval from 3157' to 3159' with 4 shots per 

foot and squeezed with 230 sacks of'class H cement 
pumped at 3 barrels per minute and 2400 psi. Waited for 
cement to set for 6.5 hours and tested squeeze to 1000 

Re-set retrievable cementing tool at 2602'. Perfor- 
interval between 2811' and 2813' and squeezed with 

200 sacks of Class H cement, pumped at 2.5 barrels per 
minute and 1400 psi. Waited for cement to set for 
approximately 8 hours. 

Pulled out of the hole after testing cement squeeze to 
1350 psi. Ran in hole with 8%-inch O.D. bit and tagged 
cement top at 2736'. Drilled cement from 2736' to 2813'. 
Tested squeeze perforations from 2811' to 2813'; took 
fluid at 700 psi. Pulled out of the hole. 

Ran in hole with 2-3/811 O.D. tubing and retrievable 
* /  i cementing tool. Set same at 2601' and attempted to 
I break down perforations. They held 4500 psi. Pulled out 
i t  of the hole with 2-3/8" O.D. tubing and retrievable 

d down from 2835' to  3113'. 
to 3132'. 

11-09-80 11 cement to 3160'. Tested casing to 1000 

out of the hole, laying down tubing and 
collars. Nippled down blowout preventers and nippled up 

cti 
L 

11-07-80 9 

I i  ! 

1, 
10 

I !  

1, i 
j i  

1 1  

I le to 3335' and displaced mud with 

' 6  
l 

i [  

I 

i f  11-10-80 12 1 

I '  r ;  
i 

I 
i 

8 ,  

11-1 1-80 13 Rigged up Dresser-Atlas and perforated interval from 
3005' to 3100' with 4 holes per foot (held 500 psi on casing 
while -perforating tubing). Rigged down Dresser-Atlas. 
Broke down perforations with 1300 psi. Pumped in 86 
barrels of brine at 15 barrels per minute and 900 psi. 

water from test well (99 barrels) and 
the disposal well at approximately 4 
e at a maximum of 300 psi. Had an 

instant initial shut-in of 100 psi, which was reduced to 0 
psi approximately 5 minutes after the initial shut-in. 

DOE CONTRACT NO. 
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Daily Drilling 
Report Date Day No. 

12-17-80 1 

12-1 8-80 2 

12-19-80 3 

12-20-80 4 

Operations 

Moved in rig and rigged up. Removed christmas tree and 
installed blowout preventors. Picked up 9-5/Sn O.D. EZSV 
cement retainer and started going in hole with 2-3/Sn 
O.D. tubing. 

Ran in hole with 9-5/8" O.D. EZSV cement retainer to 
2908 and set same. Rigged-up and displaced salt water 
with 11.0 ppg mud. Pumped 225 sacks of cement below 
retainer and 50 sacks above. Used class "HI1 cement at 
15.5 ppg. Pulled out of the hole laying down 2-3/Sn 
tubing. Dug out cellar to bradenhead valve and bled off 
trapped air. Rigged up I-inch perforating gun with 4 
shots per foot and ran in hole. Gun misfired. Pulled out 
of the hole. Replaced gun and perforated interval 
200-399'. Pulled out of the hole and layed dawn gun. 
Pumped 31 barrels of mud down annulus. 

Circulated both ways with a pressure of 900 psi at 2.5 
barrels per minute. Mixed and pumped 160 sacks class 
IIH" cement at 15.5 ppg. Lost returns - approximately 105 
sacks of cement. Cleared perforations. W a i t e d  for 
cement to set for 5 hours. Displaced mud from hole with 
salt water. Mixed and pumped 270 sacks of class Tin 
cement, at 15.5 ppg, down the annulus with continuous 
returns. Rigged down cementing equipment and nippled 
down the blowout preventer stack. 

Continued to rig down rig. Cut 20", 13-3/Sn, and 9-5/Sn 
casing. Welded steel plate on to pipe stub. 

DOE CONTRACT NO. 
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