
the approximate center of the Willis­
ton Basin. The structure is more or 
less isolated and not apparently re­
lated to any other fold in the basin. 
Its structural trend diverges from the 
nearest large structure in the general 
area, namely the Cedar Creek anti­
cline. It will be noted that the Cedar 
Creek anticline trend is in a north­
west-sou theast direction whereas the 
trend of the Nesson anticline is almost 
due north and south. Undoubtedly, 
there is some genetic relationship be­
tween this fold and other folds in and 
on the margins of this basin but as yet 
evidence is not sufficient to make a 
positive statement as to this relation­
ship. As more geophysical work is 
done and more wells are drilled bring­
ing more information to light, more 
accurate hypotheses as to the relation­
ship of the various folds in the basin 
can be made. 

The Nesson anticline is a rather 
low, broad regional type of structure 
with a closure of probably less than 
100 feet. On this structure, however, 
are smaller domes which are some­
what higher structurally. (See Fig­
ure 2.) 

When the structure contours are 
drawn on various horiwns in the area 
of the Nesson anticline, it has been 
found that there is a migration of the 
axis of the fold with depth. The struc­
ture on the Greenhorn formation in 
the Cretaceous section is approxi­
mately a mile east of the structure on 
top of the pay horizon in the Mission 
Canyon formation. Insufficient evi­
dence is at hand to indicate whether 
the axes on the lower formations par­
ticularly in the Devonian and Silurian 
diverge from the position of the Mis­
sion Canyon axis. However, from the 
few wells which had been drilled in 
the area, it is suggested that the top 
of the structure on the Devonian and 
Silurian may even be farther west 
than that of the top of the Madison. 

Unpublished geophysical work done 
by the North Dakota Geological Sur­
vey would suggest that there is con­
siderable rclationship between the 
magnetic highs and the actual struc­
tural highs on the top of the pay 
horizon. There is a marked corres­
pondence between the magnetic high 
and the Charlson field as well as a 
correspondence between the magnetic 
high and the Capa field. However, in 
the case of the Beaver Lodge field, 
the magnetic high is somewhat to the 
west of the structural high, but the 
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FIGURE 2a-Structure on top of the moin porosity, south holf. 

magnetic axis then trends eastward 
and the magnetic high more or less 
coincides with the structural high in 
the Tioga field. 

The origin of the folds must be con­
sidered in any structural picture of 
this area. It has been suggested that 
the Nesson anticline is due to vertical 
movements in the basement rock. The 
movements have been apparently in­
termittent over much of Paleozoic and 
subsequent time, Isopach maps of the 

various formations in the area suggest 
that this movement started probably 
sometime in the latter part of Ordo­
vician time and became more active 
as time progressed. Probably, it was 
most active at the end of the Paleozoic. 

It is felt that this is not a simple 
fault arching the beds above it, al­
lowing the beds to be draped over in 
a normal plains type fold. Very likely 
as the structure was uplifted inter­
mittently, other faults, particularly 
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in Beaver Lodge was 1211 cubic feet 
per barrel, initially, The average gas­
oil ratio for the field was varied, 
reaching a low of 1062 in the first 
quarter of 1954. Since that time, it 
has increased steadily to its present 
average value of 1374 cubic per bar­
rel. (See Figure 4) . 

In the Tioga field, the initial GaR 
for the discovery well was 1094 cubic 
feet per barrel. The lowest ratio, 1001 
cubic feet per barrel was reached dur­
ing early 1954 and the present average 
value of 1273 cubic feet per barrel 
represents a steady rise. (See Figure 
5) . 

Both pools have now declined in 
pressure below bubble point. Satura­
tion pressure was passed during the 
first half of 1955 for both fields, Pres­
ent average bottom-hole pressures are 
3079 psig and 3015 psig for the Bea­
ver Lodge and Tioga pools, represent­
ing declines of 616 and 646 psi, re­
spectively. 

The pressures in the two pools have 
declined similarly. The decline had 
been following a uniform curve until 
January, 1955. Since that time, both 
decline curves have broken sharply, 
still moving parallel, and have 

dropped below saturation pressure. 
This break coincides with the increase 
in production, from 355,000 barrels 
per month to 800,000 barrels per 
month, that occurred when the mar­
ket demand increased at the end of 
1954, 

Some consideration has been given 
to the possibility that this interrela­
tion between production rate and 
pressure reaction indicates the ap­
proximate MER in each case. On this 
basis it would appear that produc­
tion should be stabilized at about the 
rate prevailing during 1953. How­
ever, a different idea is suggested 
when actual declines are compared 
to the theoretical curves for the fields. 

Simple mathematical equations 
which would represent the natural 
relationship between reservoir pres­
sure and time are as follows: 

• Beaver Lodge-Madison pool 
Log P = 3.58218--0.00240 t 

• Tioga-Madison pool 
Log P = 3.56761--0.00226 t 

Where P is reservoir pressure in psig 
and theis time in months, 

It can be seen that the two curves 
are very similar. The pressures used 

are corrected to the datums for each 
pool: -6100 for Beaver Lodge and 
-5850 for Tioga. If the pressures for 
the Beaver Lodge curve are corrected 
to the Tioga datum, there remains a 
difference of about 50 psi between 
the curves. 

This would indicate that the two 
pools are not connected, although 
their performance is similar, and that 
the drainage mechanism is the same 
for both pools. This, together with 
the GaR behavior, would suggest the 
presence of depletion-type drainage. 

When the actual pressure decline is 
plotted against the mathematically 
determined curve, it can be seen that 
both pools have followed the theo­
retical curve closely. In the case of 
the Tioga-Madison pool, the actual 
decline is still above the theoretical 
curve and the actual curve for the 
Beaver Lodge-Madison pool has been 
coincident for practical purposes. On 
the basis of these curves, it appears 
that the MER for the two pools is 
about equal to the current withdraw­
als at this writing. 

At the beginning of the second 
quarter of 1955, the average of the 
productivity indices of individual 
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wells in the Beaver Lodge and Tioga­
Madison pools were 122.27 barrels of 
oil/psi, pressure drop, and 90.95 bar­
rels of oil/psi respectively. The dis­
tribution of the indices is shown in 
Table 1. 

TABLE 1 

Productivity Index-Rbis/psi
 
Number of Wells In Each Group
 

PI 

13()- 50. 14--1 
50-)0<1. 5\ I )05 

)()()-150.. 71 I 26 
150-Z00............. 18
 
200..... ...... .. 4 I ~ 

Tol.ll!... 158 1-~5-
L 

From the table it can be seen that 
Tioga appears to be the more uni­
form of the two pools. Whereas more 
than % of the wells checked in the 
Tioga-Madison pool had indices be­
tween 50 and 100, only Y3 of the 
wells in the Beaver Lodge-Madison 
pool fell within this range with an ad­
ditional 45 percent having indices be­
tween 100 and 150 barrels of oil per 
psi. The ranges of productivity index 
encountered were from 15 to 536 bar­
rels of oil per psi for Beaver Lodge­
Madison and from 16 to 388 barrels 

of oil per psi for the Tioga-Madison 
pool. 

The original gas-oil ratios for the 
other Madison pools were: Croff 1501 
cubic feet per barrel, Blue Buttes 1020 
cubic feet per barrel, Keene 1296 
cubic feet per barrel, Charlson 949 cu­
bic feet per barrel, Hofflund 1570 
cubic feet per barrel, and Capa 1167 
cubic feet per barrel. (See Figures 
6, 7, and 8). Although some varia­
tions have occurred between succes­
sive measurements, the present gas­
oil ratios are between 1150 and 1350 
cubic feet per barrel, in these fields. 

Estimated recoverable reserves of 
crude oil for the Beaver Lodge and 
Tioga-Madison pools are 95 and 150 
million barrels, respectively, as of Oc­
tober 1, 1955. 

Total recoverable wet gas, avail­
able, for sale, after processing at the 
Signal Oil & Gas Company's Tioga 
plant is estimated to be 265 billion 
cubic feet from the two reservoirs. 
The deliverability of these reserves is 
important and it should be recognized 
that the amount of gas available on 
any day will be dependent upon the 
market demand for crude oil and the 

MER of these pools since the produc­
tion of oil will be regulated by these 
two factors. 

In a conflict of interest between the 
consumers of the natural gas and the 
responsibility of the state to prevent 
waste of oil, the state will exercise its 
police power to regulate the oil pro­
duction. 

In attempting to compare these 
estimates of reserves with earlier, sim­
ilar, estimates, it should be remem­
bered that the boundaries of the two 
pools were changed by the State In­
dustrial Commission in its orders of 
October 29, 1955. 

Reserves have been estimated for 
the Charlson, Hofflund, and Capa­
Madison pools at 45 million, 20 mil­
lion, and 35 million barrels respec­
tively. 

Operators seeking to establish pro­
duction in the fields of the Nesson 
anticline are faced with a number of 
unusual problems not ordinarily en­
countered elsewhere. Since the Madi­
son limestone reservoir lies directly 
beneath the Charles formation, all 
wells must penetrate 200 to 400 feet 
of crystalline salt section. The early 
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FIGURE 7-Performance curve for the HoHlund-Modison Pool. 

drilling programs called for a produc­
tion string of 5Y2-inch aD casing, 
made up of 15.5 and 17 pound seam­
less casing. 

Casing was set at 10,823 feet in the 
Palmer Dilland well in April, 1952. 
In June, 1954, it was necessary to kill 
the well, and move in a workover rig 
due to loss of production. It was 
found that the casing had collapsed 
opposite the salt section and had 
partially flattened the tubing_ Similar 
circumstances were found in other 
wells throughout the fields_ Although 
the exact reason for this failure has 
not been clearly established, it is 
thought that plastic defoTIIlation and 
subsequent movement of the salt is 
responsible. 

In an attempl to eliminate this 
trouble, salt base mud is now used 
when drilling this section. The use 
of this type mud should result in holes 
of uniform gage. Recent wells have 
been cased with 7-inch OD 23 pound­
32 pound-35 pound N-80 casing as a 
further precautionary measure. 

Due to the increased use of salt 
base mud, most of the salt water from 
production was utilized and its dis­

posal was not a problem. With devel­
opment nearly completed, thought is 
being given to the establishment of 
a down-hole disposal system. One of 
the larger operators has already laid 
a system of concrete pipe for the gath­
ering and transportation of this water 
to disposal wells_ It will be injected 
into the Lakota formation of Cretace­
ous age through dry holes and pre­
viously abandoned producers on the 
edges of the fields. 

The weather constitutes another 
difficulty of considerable proportions_ 
The heavy snowfall and the drifting 
which occurs require a great deal of 
maintenance work on roads, lease 
equipment, and vehicles. Since the 
pour point is only a little above the 
normal winter temperatures, diffi­
cuhy is experienced in the mainte­
nance of piping and valves. 

Drilling operations are continued 
through the winter at a somewhat 
reduced rate. Rigs are winterized and 
steam generating equipment is used 
for heating the rig and thawing lines, 
pits, etc. Some hazards exist, due to 
the weather, which would not ordi­
narily be encountered. One of these 

is the possibility of fire when taking 
drill stem lests, due to the enclosure 
of the rig floor, such as occurred on 
a Penrod rig in Tioga field during the 
winter of 1954-55_ 

It is estimated that the annual cost 
of maintaining production in these 
fields is about $10,000 per well; most 
of it as a result of the rigorous cli­
mate. 

North Dakota is now faced with a 
rather unusual problem for an inland 
state, namely offshore drilling. The 
completion of the Garrlson reservoir 
will result in the flooding of much, 
possibly productive land. Three meth­
ods of developing the flooded area 
were considered. These were drilling 
barges, earthen mounds, and direc­
tional drilling. The use of drilling 
platforms or barges was discarded be­
cause of expense and the danger of 
severe damage from ice. 

One well already completed in the 
flood-plain was raised on an earthen 
mound to bring the wellhead above 
the hig-h water level. The mound is 
approximately 41 feN high with a 
600-foot causeway to the shoreline. 
The mound measures 60 x 80 feet at 
the water line and the roadway is 30 
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feet wide. Side slopes are 2 to 1, 
covered with a 12-inch gravel filter 
and 18 inches of riprap. The top of 
the structure is finished with 3 inches 
of gravel and native 'scoria.' In the 
causeway fill is buried a 4-inch, 
welded, gathering line. The cost of 
the structure was approximately $65,­
000. 

Directional drilling was deemed to 
be the most satisfactory method of 
reaching the underwater area and on 
24 June 1954, Amerada Petroleum 
Corporation spudded its J. G. Viall 
Tract 1 No. 1 on the north bank of 
the reservoir. The well was deviated 
1893 feet to the southeast and was 
completed in 63 days at a cost of 
about $215,000. The drilling pro­
ceeded without incident and the well 
was completed in the prescribed loca­
tion. Although directional drilling is 
not a new technique in the oil indus­
try, this was the first attempt to carry 
out such an operation in an area of 
well indurated rocks. 

On July 7, 1955, a second direc­
tional well was spudded on the south 
bluff. It soon became apparent that 

the directional surveys were not ac­
curate and the well was plugged back 
from 7768 to 3555 feet where drilling 
was resumed. It is thought that the 
difficulty arose from the use of a 
single, 18 foot, K-monel drilling col­
lar. After plugging back, two collars, 
totaling about 30 feet, were run and 
the source of the difficulty appears to 
have been eliminated. 

To date, the directional drilling has 
been limited to locations within 2000 
feet of the drilling site. In this distance 
drift angles are kept at less than 25°. 
To reach more distant locations, much 
lower angles would be necessary. 

Paraffin in the production becomes 
a serious problem when withdrawal 
rates are curtailed. In order to reduce 
maintenance costs, the operators are 
allowed to produce their monthly al­
lowable in as little as 5 days. The rule 
limits production rates to 600 percent 
of the daily allowable, but the total 
allowahle for any month shall not be 
exceeded. 

Proration to market demand is in 
effect by virtue of a statute enacted 
by the 1953 legislature. The market 

demand is allocated among the pools, 
and the wells in the pools, so as to 
distribute the market on an equitable 
basis. A proration unit is a 40-acre 
tract of land and a normal unit allow­
able is set each month for a proration 
unit. This normal unit allowable is 
then adjusted for depth and gas-oil 
ratio in setting the final daily allow­
able. When more than one proration 
unit is incorporated in a drilling unit 
the allowable for the well on that drill­
ing unit is increased proportionately. 

In setting spacing patterns for the 
development of these fields, the In­
dustrial Commission has followed the 
principle of setting wide spacing for 
initial development, in order to es­
tablish more quickly the limits of the 
pool and obtain data on the reservoir. 
A final proper spacing is determined 
when sufficient data has accumulated 
to form a basis for a sound determina­
tion. 

By tying the proration to tracts of 
land rather than wells, and thus in­
creasing the allowable for wide spac­
ing, the effect of spacing changes on 
the' income of land owners and royalty 
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owners is nil. Under such conditions, 
the decision on spacing can be based 
on technical evidence. 

In the hearings held this year to 
determine the proper spacing for the 
Beaver Lodge-Madison, Tioga-Madi­
son, Homund-Madison, and Charlson­
Madison pools, evidence was offered 
to show that the pay interval, in these 
pools, is reasonably uniform; that 
there is communication between wells 
in the pools; and that wells, in these 
pools, are draining areas as great as 
1000 acres. 

Four principle forms of evidence 
have been introduced: 

• Electric Jogs have been used to 
trace the pay interval from well to 
well and demonstrate its uniform 
character. 

• Graphs have been introduced to 
show that wells drilled in recent 
months have recorded initial reservoir 
pressures close to the prevailing pres­
sure, for that portion of the field, as 
shown by regular measurements in 
adjacent, earlier wells. 

• Mathematical calculations have 
been made on the basis of production 
data to show the pressure distribution 
at various distances from wells. The 
calculation involves a modified form 
of the Darcy Law equation and the 
resulting pressures are plotted against 
drainage radius. From these graphs, 
it can be shown that we]]s draining an 
area of low permeability cause greater 
pressure drops, and therefore fluid 
movement toward them, than wells 
completed in areas of greater perme­
ability. The slope of the pressure dis­
tribution curve at any point indicates 
the direction, and rate, of fluid flux 
at that point. 

• During the summer of 1955, the 

Amerada Petroleum Corporation con­
ducted extensive tests in the Beaver 
Lodge-Madison and Tioga-Madison 
pools. For the purpose of these tests, 
nine selected wells were shut in on the 
first of June and pressures were ob­
served until mid-October. During the 
last week of July, offset wells to four 
of these test wells, two in each pool, 
were placed on production and two 
months allowable was taken over a 
two week period. These offset wells 
were shut in about 40 days prior to 
the production test. The drop in pres­
sure, at the observation well, was re­
corded, and charted, and the result­
ant graphs showed clearly the com­
munication between the test wells and 
their offsetting wells, dr.illed on the 
80-acre pattern. The test was repeated 
again during the last week of Sep­
tember and the first week of October 
and the same results noted. (See Fig­
ure 9). 

The remaining five observation weIls, 
two in Tioga and three in Beaver 
Lodge remained shut-in during the 
entire four-month test period. The 
pressures recorded on these wells in­
dicated a regular decline although the 
wells were not producing, showing 
that the reservoir was reacting to 
withdrawals from wells as much as 
J980 feet away. The witness at the 
October hearing of the State Indus­
trial Commission who introduced the 
results of the tests stated that the oil 
saturation of the reservoir was being 
reduced a the rate of one-fourth of 1 
percent per 100 psi. 

The market for crude oil produced 
from the Nesson anticline is, at this 
time, limited to the amount that can 
be processed by the Standard Oil 
Company of Indiana refinery at Man­
dan, N. D., and the Westland Oil 

Company refinery at Williston and 
the amount used by the operators in 
drilling and lease operations. For De­
cember, 1955, this market totaled 36,­
300 barrels per day and this approxi­
mates the MER for present fields. (A 
small amount of this crude goes to the 
Queen City refinery) . 

The oil is purchased by Stanolind 
Oil Purchasing Company at a posted 
field prire of $2.90 per barrel. The 
oil is transported from Tioga to Man­
dan by Service Pipe Line Company 
through its crude oil line. Service Pipe 
Line Company also maintains the 
gathering lines in the fields. 

A small refinery was built at Willis­
ton in 1954 but was later sold to the 
Westland Oil Company. Operation 
was resumed in November, 1955. The 
rated capacity of the refinery was 1500 
barrels per day. 

Signal Oil & Gas Company com­
pleted its Tioga gasoline plant in Oc­
tober, 1954. This is a very modern 
plant and was designed particularly 
for the climatic conditions in the area. 
No water cooling was used and the 
cooling system is equipped 'with heat­
ers for winter use. All water used in 
the plant is confined to enclosed areas. 

In addition to the usual products, 
this plant produces over 20 tons of 
elemental sulfur per day. The opera­
tion of this plant has practically elimi­
nated the flaring of gas in the fields. 

Residue gas equalling about 65 per­
cent of the wet gas intake will be 
taken by Montana-Dakota Utilities 
for their Tioga-Minot pipe line. This 
line is also connected to their other 
distribu tion system at Williston in 
order that excess gas from the Tioga 
plant, during the off-peak season may 
be sent to und{~rground storage in 
eastern Montana. -The End 




