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Craig W. Van Kirk 
10-163 E. Chinook Trail 

Parker. CO. 80138 
Phone (303) 8-11-1049 Fax (303) 841-1107 

Mr. Paul W. Hynes 
Staff Engineer 
T g Soda Ash, Inc . 
P.O. Box 100 
Granger, WY 82934 

Re: RepoIt on the Potential for Fluid Flows fro m 

Dear Mr. Hynes: 

Oil and/or Gas Wells and the Effects on Trona Mining 
in Southwestern Wyoming -

May 16, 1998 

It is my pleasure to submit this report addressing the potential for fluid flows from oil 
andlor gas wells and the effects on trona mining in southwestern Wyoming. This natura.I gas 
migration study responds to your authorization correspondence dated October 16, 1997 and 
focuses on the two major tasks you requested to be conducted at this time. 

This phase of the project has been completed in both of the focus areas. as follows: 

I. A literature search has identified examples where oil or gas has migrated from wells. 

2. A computer simulation model has been developed which demonstrates how fluids 
could leak from wells within the Known Sodium Leasing Area. 

A summary of results is presented herein, along with details of the work and findings. If 
you have any questions or would like further infomi.arion or clarification. do not hesitate to 
contact me at your convenience. I look forward to assisting you again in the near future. 

Sincerely. 
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3. The worst case scenario estimates that if high-pressured gas within a gas well were to 

find its way to the trona mining level, approximately 1,&00 feet below ground level, the 

gas would fracture the rocks and flow out of control laterally a distance of two miles 

and break into a working trona mine in a matter of 1.5 to 3 days. This would be a life 

threatening catastrophic event. 

4. A more moderate scenario would not be life threatening if the high-pressure gas (or 

water) in a well were to enter one of the sandstone beds within the thicker trona interval 

and pressure up the natural waters which occupy the natural pore system within the 

sandstone rocks. This increased pressure would force the water within the sandstone to 

flow at rates higher than any observed in the past, requiring much higher expenditures 

for dewatering the trona mining operation. This could double the maximum historical 

water flow rates into the mines and greatly reduce the atnoum of trona which could be 

mined commercially. 

5. Suggested tentative plans to (1) set surface casing deeper, below the trona beds, (2) run 

production casing cement higher, within the trona beds, and (3) consolidate multiple 

wells into drilling islands contained in the mines by pillars of unmined trona constitute 

steps in the right direction in an attempt to reduce risk and increase safety. However, 

the new well designs will not completely eliminate the risks. 
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OVERVIEW 

The overlapping of trona mining at shallow depths and natural gas (or oil) well drilling 

and production from deeper depths creates a situation which has led to a controversy over the 

economics and safety of simultaneous development. Several geologic formations are productive 

of oil and/or gas in or near the area of interest, but it is the deeper Frontier formation which 

generates the most deserved safety concern for mining operations. At. depths of approximately 

12,000 feet and initial reservoir pressures exceeding 6,000 psia, this high-pressured source of gas 

has the potential to cause life-threatening catastrophies within trona mines. 

Since natural gas has a very low density, its high pressure existing at great depths can 

readily be transmitted to much shallower depths with very little loss in pressure. Therefore, it is 

possible for the deep Frontier formation to deliver gas to the trona mining levels at pressures 

exceeding 5,000 psia. At the trona mining depths of approximately 2, 000 feet below ground 

level, gas pressures in the range of 1,500 to 2,000 psia would be sufficient to fracture rocks and 

create catastrophic consequences in a trona mine. The potential for a disaster in a mine clearly 

exists. 

The trona beds being mined are contained within a layer cake of different rock types, 

dominated by trona, but with sandstone beds of significant thickness and areal extent, and 

numerous other layers of a variety of other sedimentary rock types. The significance of this 

heterogeneous geologic setting is two-fold: 

1. The bedding planes, or points of contact between trona beds and adjacent layers of 

other rock types, generally are the weakest links in the chain, and fractures tend to be 

created there more easily than within a homogeneous single rock type layer. Pressures 

at depth of only 0.75 to 0.80 psi per foot of depth could be sufficient to create fractures 

at the bedding planes. These fractures provide conduits with migration rates 

approximating one mile per day. 

2. The thick sandstone layers provide a narurally porous and permeable pathway for gas 

or water to flow from a wellbore into a mine without the higher pressures required for 

3 
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the proximity of wells drilled west of the mining area and also shows the western boundary of 

the KSLA 

The trona beds are within the Wilkins Peak Member of the Green River formation. The 

trona covers an area of approximately 1,300 square miles. The depths of these beds range from 

400 to 3,500 feet below ground level. The major beds underlie an area of approximately 850 

square miles. Shown in Figure 5 is a stratigraphic correlation chart, with the Wilkins Peak 

formation shown in the Bridger Basin, which is part of the Greater Green River Basin. 

The trona is interbedded with sandstones, mudstones., oil shale. and marlstones as clearly 

shown in Figure 6. For this study an actual well was utilized, and shown in Figure 7 is the well's 

log header and the log section below surfilce casing for the trona interval. The well Montana 

Power 1-16 State (MP16), was located in Section 16, Township 18 North. Range III West and 

was drilled in November 1980 within the boundary of the KSLA The stratigraphic sequence of 

this well was used in constructing the simulation model. The well data were translated north 

approximately 8 miles, closer to the actual T g mining area, to a location in Section 5, Township 

19 North. Range III West. The location of the simulator well in relation to the mining area is 

shown in Figure 8 and also in Figure 4. 

The translation of this well's log character, formation tops, and formation thickness 

northward was done because no logs were in our possession on the actual wells which have been 

driIled in the area just west ofTg's mining operations. Structure maps and cross-sectional maps 

based on numerous wells in the area were incorporated to ensure that formation tops and 

thickness were accurately input into the simulation model. 

Potential for Fracturing 

The high-pressured natural gas existing in the deep Frontier formation is one of the more 

significant sources of cause for mine safety concern. The data shown on Figure 9 demonstrate 

graphically the relationship between pressures, depths, and rock-fracturing potential. 

The Frontier formation typical conditions are indicated on this Figure at a depth of 

12,351 feet with a corresponding initial pressure of approximately 6,793 psia. This chart shows 

that if a continuous column of gas existed from the Frontier formation all the way to ground 
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level, the surface pressure would be approximately 5,500 psia. Any other pressures berween 

5,500 and 6,793 psia can be read directly from the line labeled "Frontier Formation Gas 

Gradient" for any depth of interest. 

If instead of natural gas existing from the Frontier formation to the surface the fluid was a 

liquid, such as oil or water, the pressures would decrease more rapidly at shallow depths. This is 

simply because liquid densities are much higher than the density of natural gas. The relationship 

of pressure versus depth for oil is labeled "Frontier Formation Oil Gradient" and indiCates a 

surface pressure of approximately 2,000 psia. If instead of gas or oil the fluid was water, then 

the surface pressure would be approximately 1,400 psia as shown by the line labeled "Frontier 

Formation Water Gradient". It is more likely that natural gas would be the fluid in the wells of 

concern, but any combination of gas, oil. or water is possible. 

The three other lines on the Figure labeled "Fracture Gradients" indiCate the range of 

pressures required to fracture the geologic formations at various depths. Based on data and 

reports of measurements made on rocks in this area of interest, the minimum fluid pressures 

required to fracture the rock formations result in a fracture pressure gradient of approximately 

0.75 psi per foot of depth; while the upper limits of rock strength indiCate a higher pressure 

required for fracturing, approximately l. 0 psi per foot of depth. These two relationships are 

shown and labeled on the Figure and form an envelope of possible fracnJre pressure gradients 

existing between 0.75 and 1.0 psi per foot. 

The solid line within this envelope, labeled "Estimated Fracture Gradient South Moxa 

Arch Green River Basin". was pUblished by the Gas Research Instirute in March of 1995 in their 

final report titled "Successful Drilling Practices Study Greater Green River Basin". This fracrure 

gradient line resulted from GRl's study of numerous actual wells and data within the Green 

River Basin. 

This Figure demonstrates the depths which are vulnerable to fracturing. For example, 

notice the gas gradient line intercepts the fracrure gradient envelope at depths between 

approximately 6.000 feet and 8.500 feet. This means that at depths below approximately 8,500 

feet the gas should not fracture the rocks. Also. at depths shallower than 6.000 feet the gas 
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would almost certainly fractUre the rocks, and the shallower the depth. the more certain the 

fracturing. 

At the trona rrunmg depths of approximately 2,000 feet the gas pressure could be 

approximately 5,500 psia, greatly exceeding the pressures required to fracture the rocks, which 

would be as low as 1,500 to 2,000 psia. Even oil or water in a well would exert sufficient 

pressures at 2,000 feet to cause fracturing of the fonnations. This Figure demonstrates the clear 

danger faced by the trona minerS at 2,000 feet. 

7 
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TECHNICAL ANALYSIS 

Initially a small model, 5x2x3, was used to test some of the reservoir characteristics that 

were to be incorporated in a larger model. The small model allowed for faster runs when testing 

for modeling of reservoir characteristics. The testing was done to insure that flow barriers could 

be set up within the model to simulate the natural resistance of rocks to fracture. These flow 

barriers would act as barriers to flow until a specified threshold pressure was surpassed. 

Another important area for this simulation study was crossflow between geologic horizons. The 

smaller model helped set up the crossfiow criteria for the large-scale model. The small model 

incorporated geological data such as porosity and permeability that matched data for wells in the 

area. Once all of the testing Was done, the larger model was constructed that more closely 

matched the geological strata for wells in the Known Sodium Leasing Area. 

The large-scale model was 20x5x13, a total of 1,300 cells. A schematic of the model is 

shown in Figure 10. Figure 11 shows the simulator stratigraphic column with associated depths 

utilized in the model. The model covered a surW:e area of two miles by one mile, simulating a 

well two miles from an active trona mine. The 13 vertical layers incorporated the main 

geological formations found in wells within the area. Of prime importance were the trona layers 

and the Frontier formation. Table I lists the geologic paratneters input imo the simulator. In this 

area the Frontier is a major comributor to the gas production. The Dakota and the Morrison have 

also contributed to oil andlor gas production within the area, 11Owever, for this simulation only 

the Frontier was utilized as a producing formation. Based upon cross-sections through the area 

these thirteen geological layers can be correlated for long distances in the Known Sodium 

Leasing Area. 

Within the trona layers (layers two through five) two layers were used extensively during 

the simulation. These two layers were the conduits for transporting fluids from the well over the 

two-mile distance to the mine. Layer three (3) was a porous and permeable sandstone within the 

trona layers. 'This sandstone had characteristics such that it was of considerable reservoir volume 

and could be an unfractured conduit for gas, oil, or water. Layer five (5) was a thin layer used to 

model a fracture. The fracture was utilized in the simulation to demonstrate more rapid fluid 

g 
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The Water Injection Cases can be assumed to simulate actual water injection conducted 

purposefully by the operator of a well, or it can be assumed that the source of the water (or gas) 

is an underground geologic formation. These cases are similar to the Gas Injection Cases 

described above, except that the fluid entering the trona mine would be water instead of gas. 

The object of the simulation was to verify how quickly gas or water could move through 

the conduit layers, how much. fluid was transported, and at what rate. These methods were 

utilized to simulate conditions wlrich could happen in real wells. Shown in Figures 12 through 

15 are wellbore schematics wlrich demonstrate how fluid could find its way from one section of 

the wellbore to a different section of the wellbore. The wellbore schematics are typical of 

completions utilized in the past in tlris area. Shown in Figures 16 and 17 are schematics of the 

proposed drilling and completions for new wells within the KSLA. The major difference is, the 

newer wells would have the surface casing set deeper and would have cement belrind the 

production casing that is designed to prevent flow in the production casing annulus. 

Refer to Figure 12 as a schematic demonstrating how lrigh-pressured fluid could migrate 

from a deep producing formation through or around the cement, uphole to shallower depths, and 

into the trona mining intervaL This scenario could occur in several possible ways, as follows: 

L Original cement job was inadequate, poor quality or poor design. Poor bonding 

between the casing, cement, and rock. 

2. Hydraulic frac job conducted on the well to stimulate production from the producing 

formation applies very lrigh pressures inside the casing, causing the casing to expand 

and balloon outward, and compressing the cement outSide the casing. When the frac 

job is completed and the pressure is relieved, the casing returns to its original 

diameter, but the cement does not completely expand back to its original tlrickness, 

thereby leaving a small opening or passageway, called a "micro-annulus". This 

micro-annulus is a pathway for high-pressured fluid to migrate outside the casing from 

the producing formation upward to the trona mining leveL 

Figure 13 presents another possible scenario for uncontrolled fluid migration. In tlris 

example the migration path is provided by a hole in the casing near the trona intervaL 

L Hole in casing caused by corrosion. 

to 
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2. Hole through incompetent threads at casing joint. 

3. Slip planes within the trona interval pennit lateral movement of rocks. compressing 

well casing, defonning well casing, accelerating corrosion. 

4. Even if the well had a packer installed near the bottom of the tubing (as shown in 

Figure 12) designed to prevent fluid from migrating upward as the arrows show in 

Figure 13, oftentimes packers leak. For example, a 1994 survey by both BLM and 

Wyoming State Oil and Gas Commission inspectors noted numerous cases where 

surface pressures revealed leaks in packers and/or casing and/or cement. 

Figure 14 demonstrates another example of how uncontrolled migration could occur. In 

this case a hole in the casing (<?r connection joint threads) has been created deeper in the well, 

opening a pathway for migration. Figures !3 and 14 are very similar in causes and effects. 

Figure 15 is similar to Figure 12 in that the fluid migrates through incompetent cement, 

however, the difference in the two scenarios is that in Figure 15 the source of the high-pressured 

fluid is not the producing formation. Instead, a shallower formation above the intended 

producing zone supplies fluid into the wellbore and upward to the trona' level. This case is 

practically the same as Figure 12 for all intents and purposes, and it exposes the necessary 

concern for all potentially porous and permeable formations exposed in the wellbore even if they 

are not the primary formation targeted for production. For example, the common practice of 

disposing of produced waters into porous but non-productive formations could contribute to this 

potential problem. 

Figures 16 and 17 were provided by Union Pacific Resources at a meeting in Green 

River, Wyoming on March 26, 1998. These two figures were part of a document titled "Draft 

Proposed KSLA Drilling Pr0ce4ures". The major points to note are: 

L The surface casing is run deeper, to a depth of 3,000 feet, below the ttona mining 

interval 

2. Cement is placed higher in the well, up to the mine level. 

Earlier discussions throughout this report address the potential risks associated with the hazards 

of drilling and the causes and consequences ofleaks in packers, casing, and cement . 
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One final note on Figures 12 through 17; they all show wells which have been completed 

and are operational for production or injection purposes. Another area of concern for safety 

exists in wells which have been abandoned after commercial production has ceased. In this case 

the tubing and packer are removed from the well, and perhaps some of the casing is removed 

also. According to governmental regulations, competent cement plugs should be placed in the 

well, and the wellhead will be cut off. Figures 12 through 17 can be reviewed to appreciate how 

fluids could leak into and migrate through an improperly plugged and abandoned wellbore and 

ultimately enter the trona level. 

Gas Injection 

Gas was injected into layer three (sandstone) or five (fracture). The controlling factor for 

the amount of gas that was injected was a specified bottom-hole injection pressure. For the 

fracture layer, gas injection was set at 1,800 psia. Under this scenario, Case 1, the gas moved the 

two-mile distance in approximately three days at an average flow rate of 400 Mcfd. See Table 

ill for a summary of results. The 1,800 psia bottom-hole injection pressure approximates a 

pressure gradient of 1.0 psilft. In real life under this scenario it is highly likely that a horizontal 

fracture would be created. It is highly unlikely that anyone would purposely inject at these kinds 

of pressures, however, it is important to note that the pressure gradient would be greater than 1.0 

psi/ft at the level of the trona beds if gas from the Frontier communicated directly with the 

shallow beds associated with the trona mining. As stated previously the three days that it takes 

to cover the two miles is a result of the small volume associated with the thin fracture layer. It is 

a worst case scenario for transpOrting gas the two-mile distance. 

Another gas injection case, Case 2 in Table ill, was run using a bottom-hole injection 

pressure of 1,200 psia, representing a pressure gradient of 0.67 psilft at the trona mine depth of 

approximately 1,800 feet. This 1,200 psia pressure is less extreme than the 1,800 psia pressure 

in Case 1 discussed above, but still shows significant potential problems for miners. The gas 

moved from the well to the trona mine in one week at an average flow late of 100 Mcfd. This 

lower pressure case with a pressure gradient of 0.67 psi per foot of depth would less likely 

12 
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acrually fracrure rocks in the trona interval, whereas Case I with the higher pressure certainly 

would. 

Also, gas was injected into the sandstone layer within the trona beds. As with the 

fracture layer, the injection pressure was limited to 1,800 psia bottom hole, and the gas traveled 

the two miles in L 75 years at an average rate of 1,954 Mcfd, Case 3. This rate resulted from 

only the manix porosity and permeability, whereas in real life probably a fracrure would have 

been created that would have permitted the gas to travel the two miles in a much shorter time 

period. 

Table ill shows the results for Case 4, in which the injection pressure is lowered to 1,200 

psia, the time for gas breakthrough to the mine is delayed to 4.1 years, and the average rate of 

flow is 488 Mcfd. 

Wellbore Crossflow 

This scenario would be the most likely candidate for actual communication between the 

deep Frontier gas producing horizon and the shallow trona beds. The Frontier. sandstone was 

allowed to crossflow first with the fracture layer of the trona beds and then with the sandstone 

layer within the trona beds. When Case 5 allowed gas to crossflow with the fracture layer, gas 

traveled the two-mile distance in approximately 1.5 days at an average rate of 1,400 Mcfd. 

Again, it is pointed out that this is a worst case scenario, modeling a conduit of small volume and 

high permeability. . When the Frontier was allowed to crossflow with the sandstone interval 

within the trona beds "(Case 6) it took 9 years for gas to travel the two-mile distance. The 

average rate during this time period was 806 Mcfd. For this run the Frontier formation manix 

permeability was set to I md. This run demonstrated that the gas would flow the two-mi Ie 

distance, but took a considerable amount of time. As part of the sensitivity runs the manix 

permeability of the Frontier sandstone was changed to 5 md and 10 md. When these changes 

were made the amount of time and average flow rate changed dramatically. For the 5-md case, 

Case 7, the travel time was 1.3 years with an average rate of 4,508 Mcfd. For the 10-md case, 

Case 8, the time for the gas to travel the two miles was 6 months and the average rate was 8,791 

Mcfd. 

13 
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Water Injection 

Water was injected in the well into either the fracture layer or the sandStone interval at 

bottom-hole pressures of 1,200 psia. This was done to compare the relative times it took for the 

trona mine to see a response to the water. The injection of water caused a much quicker pressure 

response as compared to gas as one would expect. For the fracture layer, Case 9, the response 

time was 4 hours. When water was injected into the sandstone layer with a bottom-hole injection 

pressure of 1,200 psia, Case 10, the response time was approximately 8 hours. Case 9, with 

water aeating and flowing through a fracture, predicts a water flow rate of 280 barrels per day. 

The case where water flows through the sandstone layer, Case 10, simulates an induced pressure 

on the water already existing within the sandstone, resulting in an increased water flow rate into 

a working trona mine. Whatever actual historical water flow rates have been experienced in the 

mines would be increased significantly by higher pressures in weilbores acting on the water­

bearing sandstone interval. The expected increase. in the water rates above and beyond the 

maximum water rates ever observed in the past would be 50 percent if the induced wellbore 

pressure were 1,200 psia, and 100 percent if the induced pressure were 1,600 psia. 

I~ 
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LITERATURE SEARCH AND EXAMPLE CASE HISTORIES 

This portion of the project was conducted in order to identify examples throughout the 

world which document the causes and consequences of uncontrolled fluid migration. Some of 

the examples were not catastrophic or life threatening, while some clearly were. 

An abundance of literature exists which addresses the need for safe well control during 

drilling, completion, stimulation, production, injection, and abandonment. The literature clearly 

explains why safe control is essential, the causes and consequences of loss of control, and how to 

reduce the risk. The examples truly are too numerous to mention in total. so some representative 

case histories are presented below. 

Examples of Migration Without Fracturing 

These examples address lateral migration of fluids within the same formation through 

natural matrix permeability without fracturing, that is. pressures were never high enough to 

fracture the formation. 

L Jormar Field, Southwest Nebraska, Denver Basin, "J Sand" formation. 

a. Production from an older neighboring field in the same geologic formation created 

a pressure sink. causing water. oil. and gas to migrate away from the Jormar Field. 

b. Not catastrophic:. but example of fluid flowing approximately one mile laterally 

during a period of a few years. 

2. Huntsman Storage Field, near 10nnar Field presented above., same geologic formation. 

a. Gas injected into Huntsman for storage was drawn two miles away by production 

from a neighboring field. 

b. Example of significant lateral migration caused by injection in one place and 

production at another place; gas. oil. and water migrated approximately 2 miles 

during a period of a few years. Some migration rates approached a few million 

cubic feet of gas per day. 

l5 



• ,.. 
• 
II 

• • • • • 
r -
~ 

• 
III 

• • • 
ill 
II 
.. 
• 

successful in preventing fluid migration. and built in safety features and guidelines 

cannot ensure against fluid migration. 

2. Denver Basin, 30 miles nonh of Denver, hydraulic frac job on gas well to stimulate 

production rate created a fracture one-mile long. The new fracture created in one well 

penetrated another well one mile away, demonstrating the great distances fractures can 

travel during frac jobs in just a few hours. 

a. Good example of the lack of control of"frac job" fracture direction and length. 

3. Underground blowoutS during drilling, nonheast Utah, fluids from deep (13,000 feet) 

zones flowing uphol~, leaving the wellbore at shallower depths, and moving laterally 

one mile to intersect another well. 

a. Example of accidental loss of control during drilling operations due to human error. 

Deep high-pressured fluids travelling up the wellbore, fracturing the vulnerable 

formation at shallower depths, travelling laterally one mile in less than 24 hours, 

and entering the neighboring well. 

b. Lots of examples of underground blowouts like this both onshore and offshore 

around the world. 

Examples of Geologic Formation Collapse 

The examples presented below demonstrate that significant subsidence or collapse of 

rocks can be caused by human activity. 

I. Wilmington Field; Long Beach, California Production from the field caused 

compaction and surfa.ce subsidence of 45 feet. 

a Fluid removal from the producing formation lowered the fluid pressure within the 

reservoir, causing the reservoir to compact due to the weight of the overburden 

sediments. This reservoir compaction removed the suppon for the shallower 

sediments, causing subsidence of the overlying formations, resulting in damaging 

land surface subsidence of 45 feet over a period of a few years. This compaction 

and subsidence was transmitted over a vertical thickness of several thousand feet, 

from the producing formation to the ground surface. Numerous references in the 
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literature over the past 40 years. Other examples of surface subsidence resulting 

from subsurface production of fields are the (1) the North Sea between England and 

Norway, (2) northern Italy. 

2. Wink Sink, west Texas, improperly abandoned oil well permitted deeper waters to 

migrate up hole dissolving evaporite rocks and creating a solution cavity, causmg 

overhead collapse, creating an open sink hole at the surfilce. 

a. Vertical movement of fluids, and height of cavity approximately 2,000 feet. Sink 

hole at the surface approximately 350 feet in diameter. 

b. Same geologic formation as the other example in Southeast New Mexico discussed 

above. 

c. Several references in the literature, with the most recent one as pan of an article in 

the January 1998 issue of the American Scientist titled ~Sinkholes in Evaporite 

Rocks". The article addresses numerous surface sinkholes around the world, some 

of them caused by natural phenomena., with others ClIused accidentally by human 

error in oil well activities. 
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PROPOSED KSLA \YELL BORE DIAGRAM 

MINE LEVEL 

FRONTIER 

DAKOTA 

20" CONDUCTOR @ 50' 

CEMENT 

133fa" CASING SHOE @ 3000' 

~- 2nd STAGE CEMENT 
TOP OF CEMENT @ 

MINE LEVEL 

DV TOOL @ 9000' 

1st STAGE CEMENT 
TOP OF CEMENT @ 
9000' (DV TOOL) 

):.- 4 y,ft PRODUCTION CASING SHOE 

Received at meeting in Green River. Wyoming on March 26. 1998 @ 13,000': 

from Union Pacific R=urces as pan of document titled 
"Draft Proposed KSLA Drilling Prodedures-. 
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PROPOSED KSLA C011PLETED WELL BORE 
DIAGRAM WITH TUBING & PACKER 
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TOP OF CEMENT @ 
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""- 4. v," PRODUCTION CASING SHOE 
@ 13,000'= 

Received at meeting in Green River. Wyoming on March 26. 1998 
from Union Pacific Resources as pan of docmnent titled 
-Dmit Proposed KSLA Drilling Prodedures"- Figure 17 
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TABLE I 

II SIMULATOR GEOLOGIC PARAMETERS , 
Depth Net • Top Gross Porous 

Layer Formation Formation Thickness Thickness Porosity Permeability 
Number Name (feet) (feet) (feet) (%) (md) • Tertiary 0 1,400 NA NA NA 

• 2 Trona 1,400 260 NA NA NA 

• 3 Sandstone 1,660 60 60 15 100 

4 Trona 1,720 130 NA NA NA 

• 5 Fracture 1,850 I I 1 500 
I 

~' 
6 Tertiary -l,851 ISO NA NA NA 

7 Mesaverde 2,001 6,200 NA NA NA 

• 8 Baxter Shale 8,201 4,150 NA NA NA 

• 9 Frontier 12,351 450 20 15 *1,5, 10 

10 Mowry 12,801 500 NA NA NA • 11 Muddy 13,301 150 NA NA NA 

• 12 Dakota 13,451 300 NA NA NA 

13 Morrison 13,751 300 NA NA NA • *Sensitivity cases were run in the simulator to test a range of Frontier permeabilities. 

I , 
I 

I 
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TABLE ill 

SIMULATION RESULTS 

Initial Pressure Conditions: 
I Sandstone Layer; 733 pSia at a deoth of 1 ,660 feet 
IFracture Layer; 801 pSia at a depth of 1,850 feet 
IFrontier Formation: 6,793 psia at a depth of 12,351 feet 

~ Time to l i 
i Reach I Average ! 
! Trona I Flow Rate I 

Case Conditions i Mine I (BID or Mcfd) I Effects 
I I I l 

1 IInject gas into the fracture layer. : 3 days i 400 Mcfd !Almost immediate catastrophic 
I BHP specified at 1,800 pSia. ! loas blowout in mine. 
1 I , , 

2 /Inject gas into the fracture layer. BHP , 1 week I 100 Mcfd lAimost immediate catastrophic 
Ispecified at 1,200 psia. i Igas blowout in mine. 
I i I i 

3 I Inject gas into the sandstone layer. BHP : 1.75 vears I 1,954 Mcfd IDelaved ootential catastroDhicaas 
I s~fied at 1,800 DSia. I I blowout in mine. 
i . I I , 

4 !Inject gas into the sandstone layer. BHP 4.1 years 1 488 Mcfd 'Delaved pOtential catastrophic aas 
Ispecified at 1,200 DSia. i i I blowout in mine. , , , 

5 Gas Crossf\ow from the Frontier formation 1.5 days I 1,400 Mcfd Almost immediate catastrophic 
,(1 md. permeabifitv) to fracture laver. i I gas blowout in mine. , ! I 

6 I Gas Crosstlow from the Frontier formation ; 9 years i 806 Mcfd 'Delayed oOtential catastrophic aas 
,(1 md. permeability) to sandstone layer. , , 

'blowout in mine. , , i i I 
7 lGas Crossf\ow from the Frontier formation 

, 1.3 years , 4,508 Mcfd I Delayed potential catastrODhic aas 
I (5 md. permeabifity) to sandstone layer. i ! !blowout in mine. , i i , 

8 I Gas Crosstlow from the Frontier formation ! 6 months I 8,791 Mcfd ! Delaved potential catastrophic 'oas 
,(10 md. Permeablfitvl to sandstone layer. i I !blowout in mine. 

I l i , 
9 'Water injection into fracture laver. BHP 4 hours ! 280 BID I Not life threateing but POtentiallv 

'specified at 1,200 DSia. : i lIarge economic impact. , : i , 
10 I Water injection into sandstone laver. BHP ; 8 hours I 50% more 'Not life threateing but potentiallv 

I specified at 1,200 pSia. , I , than actual lIarge economic imoact. 
I rates I 



Van Kirk and Associates 
10463 E. Chinook Trail 

Parker. CO. 80138 
Phone (303) 841-1049 Fax (303) 841-4107 

Mr. Paul W. Hynes 
Staff Engineer 
Tg Soda Ash, Inc. 
P.O. Box 100 
Granger, WY 82934 

Re: Review oflJPR's "Draft Proposed KSLA Drilling Procedures" 

Dear Mr. Hynes: 

July 31, 1998 

This is our report in response to your request for a critical review of the "Draft Proposed 

KSLA Drilling Procedures", the document which Union Pacific Resources presented at a 

meeting in Green River, Wyoming on March 26, 1998. Some of the new proposed procedures 

offer improvements over older procedures, however, even with the new procedures there remains 

a significant number of areas of concern which deserve more attention. 

The following provides our detailed response to each of the points presented in UPR's 

"Draft" and corresponds to the same number as in the proposal: 

1. This procedure is currently required by all state and Federal agencies regardless of the area 

where a well will be drilled. 

2. Thirty days may not be a sufficient amount of time, depending upon the mining activities near 

the proposed location. It would be beneficial to have a "protest" procedure in place where the 

APD (Application and Permit to Drill) could be discussed as to pro's and con's when 

considering the mining operations. The maximum protest time could be somewhere around 

30 days, and then a scheduled hearing within 15 to 30 days. The procedure would take 60 

days or less. 

3. Operations would not commence until any protest had been heard and ruled upon. 

4. Operations that deviate from the proposed procedure have always needed agency approval. 

The approval process usuallv involved a telephone call stating the problem and the new 

procedures that were to be implemented. It is not uncommon that intended procedures have 



to be changed. In this case there should be written minimum standards that if not met may 

necessitate the abandoning of a borehole. A couple of examples; 

a. Procedure to set surface pipe at 3,000 feet. If problems occur and the proposed 

surface pipe depth of 3,000 feet cannot be reached, what would be a minimum 

requirement 2,500?, 2,000? Who has the authority to change the procedure? 

b. Cementing of Production String. If second stage cement does not reach 1,000 feet 

above the bottom of the surface casing, what are the requirements? Is it 

recommended to squeeze cement? Who has the authority to change the original 

procedure? 

5. Documenting information is extremely important, especially while drilling through the trona 

.?eds_~~!he~~~O~-~~O! lev~!J~~the_~l!rf~ce clls~ng~o~ma~l~ thi~ isn~t a depth. ~~ere.much 

information is recorded, but for this area it might prove to be very beneficial. Also, it would 

be helpful if the drilling contractor superintendent/engineer or company 

superintendent/engineer verify the occurrences recorded on the tour sheet. The driller can 

record his observations and then discuss with the superintendent/engineer any problems or 

situations that may have occurred that were not considered normal or which caused intended 

procedures to be modified. 

Types of properties to record: 

Lost circulation zones (very important) 

Volumes lost to "lost circulation zones" 

Mud properties 

RPM's 

Torque 

Penetration Rate 

Bit Type, depths in and out 

Drill pipe (size), drill collars (number and size) 

Deviation (This becomes very important if wells are drilled from a pad and the 

bottom-hole location is a significant distance from the surface location) 

6. What is the procedure if the deviation is greater than 1 degree? What is the allowed tolerance 

and who gets to authorize a greater than I degree deviation? Having a straight hole through 

the Trona beds is important. The final boltom-hole location should be noted on all documents 

2 



tiled to the Federal or State agencies An actual plat of the tinal bottom-hole location would 

also be beneficial. 

1,500 feet_-..I 

-1 30 

----1------

3,000 feet --+' I 
-1 26_2, I--

~ 78.6' 
105' 

7. The yield pressure for this pipe is 3,090 psi (no safety factor). If gas from the Frontier 

formation reached the surface the pressure could well exceed the 3,090 psi. A stronger pipe 

would add a measure of safety. Who is the person responsible for picking the depths for the 

casing collars? Trona company personnel would be beneficial in identifying the slip planes 

and also provide a comfort factor. 

8. It is imperative to have cement back to the surface. It is not clear what is meant by "stage 

cement" if cement falls back. If a squeeze is part of a contingency, we recommend against 

that procedure unless it is the last resort 

9. A 5,000 psi casing head is a minimum. The Frontier formation with a 0.55 psi/ft gradient at 

10,000 feet would have a shut-in well head pressure very near 5,000 psi. 

10. As a precautionary measure we would recommend a BOP that is rated higher than 5,000 psi_ 

II. Do the trona companies want a representative to witness the BOP test? 

12. This is a very critical step. Who is the person that decides whether the cement bond is 

adequate? A micro annulus could be a major problem. This cement bond evaluation is 

critical in trying to maximize safety for the mIners. We would recommend a I,OOO-foot 

3 



bonding requirement above, below, and through the trona beds. Would also like to know the 

procedure that would be employed in case there is evidence of insufticient bonding or a 

micro annulus. 

13. Do the operators have guidelines to give to the trona people of what procedures should be 

taken during drilling operations if the following occurs: 

a. pit volume increase 

b. lost circulation 

An underground blowout can cause severe damage. It is very difficult to ascertain the extent 

of the damage. An underground blowout would be the greatest danger to the miners if gas 

did reach the trona beds. 

__ _Ji:A~qpy'of ,!l!.reqy_e~t~_or_l1otific;~tio!l~_sel1t to BLl\1or }ta!_~ 9f W.Y9_~in,g si)ouldbe senHQJhe 

trona companies. 

IS. A minimum time after circulating bottoms up should be established. It is very important to 

insure the Frontier or Dakota formations are not putting fluids into the borehole. 

16. OK, unless the trona companies want some type of log run through the section. In fact, it 

may be a good opportunity for the trona companies to gather some information. The large 

borehole is a deterrent, but stiIl some information may be gained. 

17. What is the procedure when the LTD (logging total depth) and the DID (drillers total depth) 

vary by more than 10 feet? Conditioning hole prior to ruMing casing is standard procedure. 

18. Trona personnel should be notified and have the option of being on location any time a 

surface, intermediate, or production casing string is run. 

19-22. Good cement bonds through the Frontier and Dakota intervals are critical. What party 

is responsible for making the decision as to the adequacy of the cement? What procedures 

are in place to compensate for a DV tool that does not operate properly? Also, cement 

bonding can be damaged after performing a frac treatment, a micro annulus can form after 

such an operation, creating a safety hazard. This is a big deal!! 

Additional Well Costs; 

It would be beneficial to see an AFE for this type well and an AFE for a "normal" weB 

for this area. This is the only way to do a direct comparison. 



Additional thoughts; 

I. Daily monitoring of a completed well is very important. Tubing, casing and surface casing 

pressures should be recorded daily. Also, the pressure information should be required data by 

the Federal or State agencies. Any time something is changed at the wellhead it should be 

recorded and reported. 

2. At least a 48-hour notification should be given to the mining companies any time a workover 

rig is moved onto a well, more time if the work to be performed is a frac treatment. 

3. A production test and bottom-hole pressure survey should be conducted within 4 weeks of 

first perforations and once a year thereafter. This information should be filed with the 

appropriate agency and also sent to the trona companies. 

4.M~lli!0~ng yr_ocedures.~? ~e~?n~_the talc!ng .o£!3H1':~ alld !ecording()f ~: s. __ '!:.h_c::~ are 

many production logging operations which can enhance monitoring for safety. These 

procedures include temperature surveys, noise logs, tracer, and spinner surveys. If this type 

of operation is to be performed, trona personnel should be notified and have the option of 

attending the operation. Once the data is gathered there should be an opportunity for the trona 

people to voice their opinion and concerns with regard to the interpreted results of such 

operations. 

5. Trona companies should have the right to visit drilling, workover, or producing locations at 

any time. Trona companies should have reliable names, addresses, and telephone numbers of 

oil company personnel in case they observe a dangerous situation or have any questions 

concerning field operations. 

6. Braden head hookups should be on all well heads. The hookups should be standardized for 

pressure gauge installation (thread type and size). 

We hope this critique has given you some useful information which can be incorporated 

in future meetings with the governing agencies and the oil companies. If you have any questions 

or comments, please let us know. 

Yours truly, 

5 


