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6.0 Appendix -
6.1 distorical Data on the Red Lodge Coal Field

The following report was prepared by Robert A. Murray of
Western Interpretive Services, Inc., P. 0. Box 6467, Sheridan,

Wyoming, 82801; phone (307) 674-6215.
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6.1.1 Introduction

This study is a narrative introduction to the history of
underground mines in the Red Lodge ana Bear Creek areas of Montana,
combined with a summary of historical, geological and engineering
commentary obtained froﬁ technical works, documentary materials and
information on the field. It accompanies a large volume of maps,
mine plans and other data presented to Kiewit personnel at meetings
during the project along with briefings on research findings sub-
mitted while the work was in progress.

The primary goal of this‘project has been to supply that .
technical information as quickly as possible for use by other project
specialists, so that they might use it in their own various components
of the Phase I Reclamation Study on certain of these properties.
Emphasis has been on the assembly of data on underground conditions
and data that would help those specialists understand probable conditions
in the field.

This study is not a comprehensive history of these mines, nor
does it even attempt to deal in any depth with the history of the
mining towns of Bearcreek, Washoe or Red Lodge, nor with the structural
history of surface workings at the mines. Those topics are the subject
of separate study by Paul Anderson of the Mineral Research Center in
Butte, Montana, working under a different contract. Mr. Anderson
and the undersigned maintained frequent communication throughout the
project and planned our respective work to avoid unnecessary duplication
of effort and travel.

| Particular thanks are due to the staffs of the Historical Society

of Minnesota, to the personnel of the Meridian Minerals and Land
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Company, to those of the library, archives and photo—Tibrary of the
U. S. Geological Survey, and the public libraries in the region.

Bob Wylie of Billings was hélpfu] on recent operations in the
field. -

Really special thanks are due to James R. Brophy, Sr., one of
the finest informants we have ever interviewed. His contact with
the field extends from his childhood thru recent times and he
graciously shared a wealth of data and commentary with us for the
project.

The investigator on this project, Robert A. Murray, has an
A.B., M.S., and is currently a Ph.D. Candidate in history, with
significant amouhts of work in geography, economics and sociology.
He has 35 years of professional experience in history and related
fields. The last 15 years of this work have been as a consultant
on history-related projects. This includes work at many mining
areas as well as context work on the whole span of Monténa history.

6.1.2 Early History of the Region

- The historical record for this part o% Montana begins in 1802,
when Charles LeRaye wintered with a smal] trading party among the
Crows in camps on Clark's Fork and thé Stillwater River.! The
Francois Larocque party in 1805 and the William Clark party in 1806
bypassed this area by a wide margin.2 John Colter, Joseph Dickson and
Forrest Hancock ranged up and down Clark's Fork in the Fall of 1806.3
From that time onward into the 1850's trappers and traders came and
went along the main streams of the region with some frequency, but
.they did not create any permanent trading stations closer than those

on the Yellowstone some 90 miles and more to the northeast.
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Lt. Henry Maynadier, with one wing of Captain William F.
Raynold's army mapping expedition came down Clark's Fork in the
Spring of 1860, and prepared the first generalized maps of main
topographic features such as the Bear Tooth Range.® Within the
next twb years, gold-seekers came to the valleys of western Montana
in Targe numbers and created an eaStward-moving.Montana frontier
that reached the Gallatin Valley in 1863.6 Prospectors and placer-
men moved restlessly out beyond that frontier, and in the Summer of
1866 a very large force of these men, led by Jefferson Standifer,
prospected for gold in all the streams along the foot of the Bear
Tooth Range.”?

One of these men was James "Yankee Jim" George found the coal
seams exposed on the east side of Rock Creek at that time. There
was no accessible market, so many years e]apéed before any attempt
could be made to utilize this coal.8

Settlement began along Clark's Fork with the coming of open-
range cattlement to the area in 1879-1880.° Two years later the
Northern Pacific Railroad completed its main ]ine up the Yellowstone
. Valley and over Bozeman Pass and set off a whole new wave of settlement
in the région.lo Increased prospects of a market for railroad and
domestic fuel stirred the interest of Montana pioneers.

6.1.3 Opening Up ‘the Field, 1882-1889

At this point, "Yankee Jim" George told N. B. Black and Walter
Cooper of Bozeman about the coal deposits. These men secured a
significant area of coal Tand and brought together additional capital
from Sam Word, Samuel Hauser and other investors. 1In 1882, they took

two wagon-loads of coal to Billings for promotional purposes.ll At
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this time the railroad obtained coal for the middle of its Tong line

S

o from the Chesnut Mines near Bozeman.!2? But the promoters persisted,

ﬂ and organized the Rocky Fork Coal Company with the aid of major eastern
investors including Henry Villard. Villard at this time substantially
controlled the Northern Pacific system.l3

In December of»]884, the Post Office Department opened a post
office at Red Lodge. The Postmaster was also the agent in charge
of the Rocky Fork Coal Company properties. 1%

The Rocky Fork and Cooke City Railway Company began construction
of a line from Laurel, on the Northern Pacific toward Red Lodge 1in
October of 1887. This line reached completion in March of 1889.15
With railroad construction underway, development of the mines began
insofar as that was possib]e until the rails could bring in heavy

equipment and construction supplies. Using hand-steel and blackpowder,

the miners pushed exploratory tunnels east of Rocky Fork into the
main coal seams. Then, when the railroad came in, commercial mining
got underway. In 1889, some 6,000 tons of_coa] were shipped out from
these mines and production expanded rapidly beyond that point,l6

6.1.4 Reorganization and Expansion

The Northern Pacific Railroad ran into financial trouble in the
early 1890's. 1In 1896, the company reorganized as the Northern Pacific
Railway Company.l7 The new company held 3,154 out of 20,000 shares
of the Rocky Fork Coal Company and individuals connected with the
railroad owned much of the rest.8 In March of 1898, the Railway
Company sent in two mining men to examine the property. Based on their
findings, the Company decided to buy up these mines as fast as they could.l?

N : The previous year, the Northern Pacific Rajlway Company set up a
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wholly-owned subsidiary called the Northwestern Improvement Company

to manage all of its lands and businesses other than the rail line

itself.20 So, the NWI began to buy up stock in the Rocky Fork Coal

Company and by Optober of 1903 held all of that stock. They then

dissolved the older company and held these mines as a division of NWI.Z21
NWI invested a great deal of money in expanding these mines into

the largest coal producer in Montana. Output rose from 232,361 tons

in 1896 to over 400,000 tons in 1907 and over half a million tons a

year for the rest of that decade. Then from 1910 to 1923, production

Jumped to generally over 800,000 tons of coal a year, and exceeded

~.a million tons in 1917 and 1920.22

In 1922, Lochren Donnelly of the Northern Pacific prepared a
study on alternative coal development possibilities on other Northern
Pacific lands. He projected a mﬁch lower coal cost could be attained
by stripping coal from shallow deposits on Rosebud Creek, some 30 miles
off the ﬁain,]ihe in eastern Montana. The work could be done by a
contractor using non-union labor and this would avert the possibility
of strikes. In late 1923, Foley Brothers Company contrdcted to operate
the mines aﬁAwhat became known as Colstrip. . They began mining in late
summer of 1924, and over their first five years brought out 3,000,000
tons of coal.?3 As production rose at Colstrip, it was cut back at
Red Lodge. Finally in 1932, the NWI produced only 54,000 tons of coal
at Red Lodge and closed down the operations. Over the years from 1896
to 1932, these mines yielded nearly 21,000,000 tons of coal.?2h
6.1.5 Opening Up the Bear Creek Coal Field

By the turn of the Century, other companies were interested in

developing portions of these coal seams that were exposed over in the

6-6



,

Bear Creek drainage. They moved slowly due to the lack of rail
transportation.

The Montana Coal and Iron Company (organized in 1889) started
taking out some coal from what was essentially exploration and development
work 1in 1900, hauling it over the hill to Red Lodge in wagons.25
Over the next few years, they worked their mine (the Smith Mine) for
three or four months per year and shipped an- average of 100 car-loads
of coal from Red Lodge each season.26 NWI discussed the possibility
of purchasing Montana Coal and Iron»Company. They did buy some stock
in it, but never moved to get the rest and remained minority stockholders
in it for some years.27

Principal organizer of the MC&I was Elijah Smith of Boston, along
with a number of Billings area businessmen. The Smith family remained
active in the company for mahy years,28 |

The Northern Pacific built a branch line to Bridger, Montana
in 1903. At that point, a promoter named S. A. Hall planned a new rail
line. He called it “The Yellowstone Park Railroad" and intended to
run the line from Bridger to Belfry and Bearcreek, then oh up into the
Bear Tooth range through Clark's Fork Canyon to the Cooke City silver/lead
mines and on to the Park. A number of his grandiose plans did not find
backers, but with the help of the coal developers in the Bear Creek
bortion of the field, the Tine was built to Beafcréek in 1906 and
extended to Washoe in 1907. This set off a period of expanded coal
development.?29

The Amalgamated Copper Company (soon to be renamed the Anaconda
Copper Company) opened its Washoe Mine in 1907, but did not immediately

begin to ship coal because of the slump that year in its copper business.
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The Internationa] Coal Company (probably a subsidiary of
the Valley Camp Coal Company of West Virginia) shipped 100 tons a
day in 1907. The Bear Creek Coal Company was the largest of the
1907 period operations, getting out about 400 tons a day.30 James
Francis Brophy, a West Virginia coal developer, came out in 1906 to
open mines for his Smokeless and Sootless Coal Company.3!

Each of these companies operated in the district for a number
of years, with the general peak'of activity here like that of the
NWI mines being around the First World War, when the coal market was
very strong and serious competition from other fuels had not yet
developed. The mines in the Bear Creek area suffered from depressed
conditions of market in the 1920's, from increased competition from
natural gas and hydroelectric power in the 1930's.32 Some of them
went through a substantial revival in the Second World War years.

Mining on the Bear Creek side of the field suffered a heavy blow
in 1953 when the Northern Pacific shut down its Bridger branch and the
Montana Southern and Western stopped serving the mines. Of the sizeable
operations, only the Brophy mines-remained active after that year and
on into 1967.33 There was renewed interest in the field in the coal
boom years of the 1970's, and some new exploration work, but this now
appears to have peaked ouf and the quiet hills around Bearcreek and
Red Lodge contrast sharply to the busy mines and towns that once worked
here.

We should now turn to an examination of what the available plans
and documents tell us about the specifics of mining in the major

operations here.
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6.1.6  The Northwestern Improvement Company Mines

As we noted above, the Rocky Fork Coal Company started serious
development work on this property in 1887, driving tunnels into the
bluffs east of Rocky Fork. By the time commercial production got under-
way in 1889, these tunne]sv(“entries“ in coal-mining language) gave
access to seams 1, 2, 3, 4, and 5.

The plan of work followed was to drive rooms out to the north
(uphill side) of each tunnel, leaving supporting pillars standing
between the rodms. Thus, the coal could move downhill all the way to
the end of the tunnels.

To expand the work on each seam of the more important Number 3
and 4 seams, "slopes" were run down from the surface following the
dip of the seam. Then additional "levels" were run eastward parallel
to the initial tunnel for each seam, but with each at a lower elevation
on the seam. Then rooms were run off above each entry in the same
fashion as on the top level.3%

In the earliest work of the 1887-1889 period, rooms were turned
off at right angles to the course of the entries. The entries were
crooked in some segments. This threw the far ends of the rooms too
close together in some instances, narrowing the pillars which were
already too thin. As a result, pressures on the floor were too high
and "creep" or floor-heaving occurred frequently in these workings. 35

At this early time, haulage was primitive. Mules dragged the
mine cars up the fairly steep slope in the rooms from the entries.
Loaded cars were let down with a rope, snubbed around a post.36 In
the early 1890's, a compact hoist came into use that made it possible

to move cars easily up and down double-tracks in the rooms.
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In the first workings, mules pulled the cars on down the
entries. A cable-car type tow cable on the tracks pulled the trains
of cars up the s]opés to the surface entry of the mine.37

In this room and pillar mining, very Tittle timber was used.
Long-Tived workings, 1ike the sTopes and the haulage entries were
timbered where it appeared necessary. “Props" were used in the rooms
where there might be roof hazards.

Mining engineers, Alo Ronald and John Kangley, examined the Rocky
Fork Coal Company mines in the late Summer and Fall of 1889. They
were both highly critical of the angle and spacing of rooms, of
certain tunneling practices and of mine ventilation. Some corrective
measures were evidently put into effect not long after their visit.38

Work moved along rapidly. The main Number 4 tunnel extended over
6,500 feet from its opening by March of 1894. Coal in the #4 seam
above that tunnel appears to have been some of the first coal taken out
of the mine. Mine plans show .that the rooms east of 139 on this Tevel
had caved to the surface near the outcrop by 1904.39 |

The 1st Tlevel down ffom the main #4 tunnel was open before 1894,
and it extended east 110 rooms when it ran into some problem and work
was stopped on this level by September of 1896. Some of the coal east
of the problem area was later removed by extending longer rooms from |
the next level down.

The 2nd Tevel of the #4 also went east in this same period and
became one of the most important workings. This tunnel reached a point
about two miles from its mouth by 1898. The third level down of the

#4 reached a comparable point.by Tlate 1899,
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Then a 4th Tevel was pushed eastward in 1901 and the 5th Jevel
down was begun that same year. There was a reluctance to work below
the 5th Tevel until easier-to-recover coal had been taken from the
higher levels. This was due not only to the haulage cost, but to
water that necessitated sumps and pumping stations at this level
and below.%0

With the takeover by NWI in 1903, that company made a strong
effort to expand production, but many problems arose. In December
of 1906, Superintehdent Pettigrew reported squeezes developing on _
the 4th and 5th levels of the #4 vein.

Earlier that year two fires the same day took the 1ives of
eight men and these fires were attributed to spontaneous combustion
in the older workings, due again to squeeze. C. R. Claghorn, in
overall charge of the operation, said, it was because of the old
problem of too thin pi]]érs, to not drawing pillars after working
ouf the rooms. He recommended drawing pi]]ars and breaking the roof
on retreat from the rooms. This would take the foot-of-pillar pressure
off the clay floor.

The problem with the older workings continued into 1907. On
August 8th that.year, Claghorn reported that he had anticipated caving
in the 3rd level east of #4, and drove a connection around the danger
area. At the same time he sealed off some older areas of the mine, %l
He also re-timbered some entries, replaced timbers in the #2 and #4
slopes and added electric powered haulage equipment.“2

In October of 1907, Claghorn reported bottom heaving problems
in both the #4 and 4% veins east, due to the same old problem. On

the 4th level of both the #4 and #5 veins east, the miners were
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plagued by high temperatures, black damp and occasional fires.
Claghorn sealed off some of the old rooms on those levels.3

The #2 vein had been worked roughly parallel to the work on #4
and suffered from some of the same problems. Its slope, however,
was the scene of an arsonist-set-fire on November 20, 1908, that
burned out the timbering from 1200 feet of the slope, which then
caved in. Six men were killed fighting the fire.

The 1% seam started in 1905, with coal taken from the outcrop
above the "Water Level 1% East Tunnel". This work stopped 2600 feet
in when they ran into a bad roof and dirty coal. The 1Ist level
east on this seam was mined largely between 1909 and 1920, and the
pillars pulled from 1921-1923. There was some mining across this
same time span at lower levels on this seam.

In 1906-1910, rock-tunnels were driven to connect some of the
workings on comparable levels in the several seams. These are shown
‘on the plans.“*

The West Side and Sunset Mines

As early as 1898, the Rocky Fork Coal Company extended its workings
west of the slopes, out under Rock Creek and on under parts of the
town of Red Lodge. From 1898 to 1900 they worked the #4 seam on the
Ist level west, and by 1912, Were wokking down to the 6th Tevel on
that side. Water was a constant problem on the west side and extensive
sumps and pumping systems were needed to keep it out of those workings.
Around 1901-1902, the Sunset Mine put down a slope from surface
workings northwest of the town of Red Lodge that extended southwest
from the surface plant. The NWI acquired that property in 1907, bought

Tand for a much larger plant and expanded these workings rapidly. Levels
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were run off east and west of the Sunset Slope. The east levels

of Sunset were ultimately connected at several points with the
western-most workings of the old NWI, making a honeycomb of workings
strung out for over three miles from west to east and over a mile
north to south.S

Mining engineer, James R. Brophy, Sr., in our interviews with
him, stated that from 1907 onward, the NWI mines were conducted with a
very great attention to details of good maintenance. They were kept
clean, rock-dusted daily, well-drained and carefully mined.“6

Pillars were drawn over large areas and excellent surveys were
made to update maps of the workings.

As we indicated above, mining scaled down steadily here in the
late 1920's, for Colstrip coal could be had for $1.50 per ton, compared
to a cost of $2.48 at the NWI. In 1932 after the close of mining, the
company quickly sold off its miner's houses in Red Lodge, fairly sure
sign they didn't intend to reopen these workings.

6.1.7 The Bear Creek Area Mines

Mining history of the properties in this drainage is not nearly
so well-documented as that of the NWI. .More companies were involved
and their records have in some cases been lost. But we did uncover
sufficient basic mine plans that, along with the excellent interviews
with Mr. Brophy have untangled most of the history of these workings.

The Bear Creek Coal Company

This company started construction on a large plant in 1905 and
1,600 feet of entries driven on the #2 and #3 seams. They had several
thousands of tons of coal stockpiled from this development work when

C.‘A. Fisher examined the mine in 1905. From the very outset, they had
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electric Tighting and motor haulage. A number of early pictures
'M‘; show their extensive surface plant with a number of stone-masonry
structures.%7?
Brophy indicates that this company worked on into the early
1920's, and simply ran out of recoverable, saleable coal since they
were surrounded by other operations on the directions where there
was coal.k8

The Montana Coal and Iron Company

This company began doing development work on their Smith mines
as early as 1900, taking out a Tittle coal each season in the course
of development and hauling it to Red Lodge. Two main events made
this company and the Bear Creek and other companies have an incentive
for development here. In the Summer.qf 1906, Congress passed a

law that would by 1908 make it impossible for the railroads to sell

coal on the commercial market. Soon the plans for the Yellowstone
Park Railroad were announced. From late 1906 onward, development
moved ahead quickly at Bear Creek.

The MC&I mined almost continuously from 1907 to 1953, and their
workings are fair1y well documented in the drawings we have at hand.
Their work technique was different than that of most of the other
operators in the field. They used the Goodman Track Loader, which
required more spaée than the equipment used in other mines. One
informant says that the company "was run by bookkeepers, without a
real mining-man in charge". They worked the seams in five room blocks
and did not practice pillar extraction. But their plan of work
produced thin pillars and they had much more trouble with squeeze

and collapse of workings than did the other companies.“®
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The company after starting development on the Smith mines
bought up a mine opened by a man named Flaherty and named it the
Foster Mine. Ultimately, the company extended both sets of workings
until they met, working out a very extensive area. Most of the
mining on the Foster end of this complex occurred after 1917.50

The Smith Mine is best known for the great explosion there in
1943 that killed 73 miners. After that disaster, the company opened
up access to the #2 from another direction through the workings of
a small mine called the Lamport Mine.

The #3 and #4‘workings of the MC&I broke through to the surface,
creating some subsidence in the NW4 of Section 6 at one time. After
the 1953 closure, part of the Foster workings were leased for a short
time for pillar extraction by "a Belgian". Also in the mid-1950's,
Sam Carpenter and John Reed leased the MC&I and did a small amount
df mining of domestic coal.5!

The Anacpnda (Washoe) Mines

When the Anaconda people opened these mines in 1906, they used
the same room-and-pillar methods as most other operators in the
district did. They shut these mines down in 1938 after comp]eting
some pillar extraction and salvage of equipment following a bad
fire in their #2 slope that resulted in extensive caving in from the
#1 seam, 32 | |

Smokeless and Sootless Coal Co. (and The Brophy Coal Company)

These mines were among the longest-lived in the district.
James Francis Brophy was a mining engineer with a degree from Ohio
State and extensive experience in West Virginia. James R. Brophy, =

Senior, son of James Francis, was born at Bearcreek and worked with
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the family business and as we indicated above later had his own
company, The Brophy Coal Company here in 1940-1967.

Their first mining was in the #2 seam behind the tipple
location, with the first coal shipped in 1908. In 1909 they made
another entry into the #2 "by the old office" location.

The Smokeless and Sootless Coal Company ran continuously
from opening until 1932. Then for a time in the 1930's the Homer
Coal Company leased the property for production of domestic coal.
After that it was leased by a group of miners for a short time.
Then in 1940, with the coal market picking up again after the
Depression, James R. Brophy leased the property from his family and
founded his Brophy Coal Company.

They mined in the #1 and #2 seams and the #3 and #4 seams,
with their last mining done in the #4.

James Francis Brophy introduced the 1st electric coal cutting

equipment to the district around 1907. They introduced roof-bolting

~to the west in the 1940's. James R. Brophy, Sr., wrote the roof-

bolting section of Montana's Mine Safety Laws. They used roof

bolts in combination with planks and over much of their mining in

the closing years of production, they salvaged the planks for reuse.
Brophy reports that their company pulled some pillars in the

NE% of Section 1 in the #2 seam and 1in only about 3 areas in the last

‘mining in the #4 seam,53

In 1978, the Bear Tooth Coal Company (a joint venture between
Portland General Electric Company and Jim Joyce) leased the Brophy
mines and did limited development on them. Bob Wylie of Billings

served as manager for part of this work. He says that in 1979 they
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spent most of their time rebuilding equipment and took the continuous-
miner underground in late July of that year. By the Spring of 1980 when
he left, they had shipped a small amount of coal, but the operation
shutdown in September of 1980. 5%

The "Burns Mine"

Yy P o Lowd Cheter wnlid 1413 wbele e manage

This was a small scale operation run by Robert "Bob" Burns from
some point in the 1920‘s on property leased from MC&I. It ran until
1932, when Burns moved to operate small wagon mines on other leased
tracts up Scotch Coulee. S5

The International Coal Company

According to Brophy, this organization took coal mostly from the
#3 seam, with several other openings into the #5 and #6 seams and éhl%ﬁﬁﬁ%g
also into the #4 farther up the coulee. Good plans are available

for this mine in 1911, and they only ran until around 1916-1917 when

T T e deed wot bwirs
a_major fire destroyed much Qfhﬁheirw§un£ace“wgrkings'56(lej.rwA&u;Q g e b

sk olhew Manes ot

Other Known Mines el yewegit S gome Goadclivep
Uzax (a'-l_tw(/é/ Shodeny Frapone

Brophy has pointed out a number of small "wagon mine" operations

for domestic coal. The present Highway Mine is one‘of these. There

were several old openings into the #5 and #6 seams in Section 32,

a shallow opening into the #4 and the NW4 of Section 5, another

wagon-mine into the #5 and #6 up Virtue Gulch, another small mine

into the #4 just east of the center of the West % of Section 30,

ahd the Kolarich Mine in the coulee in the SE4% of Section 25. None

of these had a high Tevel of development.S57

6.1.8 Underground Conditions in the District

As we indicated above, James R. Brophy, Sr. seems to be the

most knowledgeable possible informant on the nature of the ground
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conditions, the behavior of abandoned workings and the mining
practices in the whole district. The following description of
resulting conditions and probabilities is based on our lengthy
interviews with him.

The eight principal seams mined here commercially each
generally have a sandstone roof and a clay floor. The top two
feet of the floor in the stronger areas is of relatively hard
clay, with a Tayer of much more fluid clay beneath it. So long
as pillars are large enough to spread the weight on the hard clay
and not break it, floors can be very stable.

We.have already noted the errors of practice in sohe of the
early mines. The largest subsidence areas appear closely related
to those early and very troubled workings.

The tendency to floor-heave or "squeeze" was not uniform over
the whole district. Brophy believes that the entire area has long
been subject to stresses generated in "waves" out from the foot
of the Bear Tooth Overthrust of the mountains. He says that floor
heave on the #4 seams generally starts most frequently along what
he calls pressure zones. These follow parallel to the strike of
the veins. Pressure seems highest on the down-dip-side of these
pressure-wave areas.

The axis of the syncline mapped by Brophy is one pressure
zone. There is another in the #4 seam in Section 1, and another
in the #2 in the NEj of Section 35.

Brophy says that despite the amount of floor-heaving present
in certain areas it would generally take a roof subsidence to

close up workings completely. In some cases the sandstone might
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bow down to touch the floor at the center of a room when pillars
have been taken out. Major barrier pillars may even break in this
circumstance.
But generally, where roofs were broken or have collapsed the
spaces may simply be filled with unconsolidated loose rock fill,
but the distance to the surface in most cases will prevent surface
subsidence in areas where it has not already occurred in the #3 seams.
In the #2, there is a tendency for the sandstone and shale to
cave down to a watermark in the stone 42 feet above the coal. For
the most part he does not believe that the #2 workings have squeezed
in areas above the groundwater table. They are probably open over
large areas.

The Groundwater Situation

On maps supplied to us, Brophy has mapped the line across the
district below which the old workﬁngs are filled with water. At one
time he and his father did a dewatering study on the district, and
pinpointed a Tocation where a ten inch casing would drain off large
areas of the old workings. He commented that casings should be 1ockéd
in the rock with bentonite instead of concrete because of the chemistry
of these formations. | |

 As to condition of the groundwater, Brophy commented that when his
mine was in operation some of his miners took mine water home to
Red Lodge for domestic use, finding it superior to the then available
city water. He also noted that the water supply of Red Lodge includes
a well or wells extending into the old workings deep beneath the.town.
At present water from portions of the NWI workings in the bench

land drains out through those workings to Rock Creek.
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On the eastern part of the district, a large area of some
of the eastern NWI, the Washoe and the Brophy all drain down
through the Brophy workings where he holed thru to the Washoe
deliberately in order to get better drainage of water that was
coming in on his work in the #3 seam.

Brophy pointed out that the dike thru the district probably
channels some of the drainage thru the formations keeping it above
the dike.

The fault 1ine mapped by Brophy for the project is scissors
Afau]t, with the north end having about 80 feet of throw, the south
end about 22 feet of throw, and the apex of the fault about at the
Smith Mine.

Brophy's comment on runoff from slack piles was that the
material itself really was pretty good filter material.

6.1.9 Specific Sources Cited in Footnotes Above

L Charles LeRaye, "Journal..." reprinted in South Dakota

Historical Collections, Vol. IV, pp. 150-180 (annotated
by Doane Robinson.

2 Francois Antoine Larocque, "Journal..." tr&ed by Ruth
Hazlitt, Sources of Northwest History, No. 20, 1934.

also: Bernard DeVoto (ed.) The Journals of Lewis and
Clark, Boston: Houghton-Mifflin, 1953.

3 Frank H. Dickson, "Hard on the Heels of Lewis and Clark",
Montana, The Magazine of Western History, V. 26, #1, Winter,
1976, pp. 14-25,

The best overall syntheses of trapper movements in this

area may be that in Edwin C. Bears, Big Horn Canyon National
Recreation Area, History Basic Data Study, (2 VoTls.) Denver:
National Park Service, 1970.

5 Henry E. Maynadier, "Report..." in William F. Raynolds
"Exploration of the Yellowstone..." Senate Executive Document,
No. 77, 40th Congress, 1st Session (7868) and accompanying maps.

6 E. S. Topping, Chronicles of the Yellowstone (Robert A. Murray,
ed.), St. Paul; Ross & Haines, 1968.
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7

10

11

12

13

14

15

16

17

18

19

20

21

ibid., there are other accounts of this expedition in the
Montana Post for the period.

Aune Arlene Puutio Harris, "The Coal Mines" in: Shirley Zupan
and Harry J. Owens, Red Lodge: Saga of a Western Area, Billings;
Frontier Press, 1979, p.129.

Some of the best source material on early ranching in the
Clark's Fork basin is that in the James Dilworth papers,
Special Collections, Montana State University Library, Bozeman.

Topping, op.cit.
Harris,‘og.cit.

"History and Present Operations of the Northwestern Improvement
Company", unpublished manuscript, 1905, in file NWI 4.A.14.B,
Archives and Manuscripts Division of the Minnesota Historical
Society, St. Paul.

also: E. V. Smalley, "Red Lodge, Montana, A New Coal Mining
Town on the Eastern Side of the Rockies", in: Northwest
Magazine, August 1892, pp. 20-24.

and: "The Rocky Fork Railroad and Coal Field", in: Northwest
Magazine, June 1889, pp. 11-12.

The story of the Chesnut Mine ié covered in "Montana's First
Commercial Coal Mine", Pacific Northwest Quarterly, V.47, #1,
January 1956, p. 23.

See also: "The Northern Pacific Railroad and Montana's Mineral
Lands", Pacific Historical Review, V. 34, #3, August 1965,
pp. 323-335 :

"History and Present Operations..." op.cit.

Zupan, op.cit.

“Branch Line Data" unpublished mss., open shelves, Northern
Pacific Collection, Archives and Manuscripts Division, Minnesota
Historical Society, St. Payl.

Early mining operations are described in the two pieces in
Northwest Magazine cited above, and in Harris, op.cit.

"History and Present Operations..." op.cit.
ibid.
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22

23

24

25

26

27

28

29

30

31
32
33

34

35

36
37
38

39

Coal production tables in the files of Meridian Land Company,
Billings, Montana.

Wf]]iam B. Evans and Robert L. Peterson, "Decision at Colstrip",
Pacific Northwest Quarterly, July 1970, pp. 129 ff.

Coal Production tables, op.cit.

also: Howard E11iott files, Box 8, 3E 4.6F, file number 11,
Northwestern Improvement Co., folders 7, 8, & 9, “Coal Matters",
1918-1927, Minnesota Historical Society.

N. H. Darton, "The Coals of Carbon County, Montana", in
Contributions to Economic Geology, 1906, Part II. U.S.G.S.
Bulletin 316, Washington, D.C., 1907, pp. 189-190.

C. A. Fisher, origin 1 mss. notebook, accession #2726 of 1904,
U. S. Geological Field Records, Denver.

"History and Present Operations..." op.cit.
ibid., also: C. A. Fisher, "Development of the Bear Creek

Coal Fields, Montana", in: Contributions to Economic Geology,
1905, U.S.G.S. Bulletin 285, Washington, D.C., 1906, pp. 269-270.

also: MC&I records at Smith Mine Headquarters bdi]ding, Bearcreek.
C. A. Fisher, in U.S.G.S. Bulletin 285, op.cit.

E. G. Woodruff, original mss. notebook, Accession 110-A, 1907,
L-12, "Red Lodge Coal Field" in the U.S.G.S. Field Files,

Denver, Colorado.

Interview with James R. Brophy, Sr., Dec. 9 & 10, ]982.

ibid. also original MC&I files.

Brophy interviews.

Based on analysis of mine plans in Meridian Minerals and Land
Company files, Billings, Montana. There are roughtly a hundred
plans and maps in those files on this field.

Alo Ronald, letter to John Kangley, September 25, 1889, in
Special Reports file, 3.A.5.2.F, Northern Pacific Records,
Minnesota Historical Society, St. Paul.

John Kangley, letter to T. F. Oakes, Nov. 6, 1889, in file, ibid.
ibid.

ibid. and Ronald, op.cit.

1904 Mine plan, op.cit.
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“0 Mine plans, op.cit.

‘ "‘3 51 | etter Claghorn to Howard E11iott, August 8, 1907,
Presidents Subject File #6, Folder #3.

#2 ibid. also Claghorn to Elliott, October 11, 1907, same file.

43 ibid.

** There is a whole series of letters, Claghorn to E1liott in
the files cited above, detailing all this work, and they
check out very well with notes and details on the plans of
the period.

*5 ibid. also: Red Lodge Picket, January 31, 1908.

%6 Brophy interviews.

47 Fisher, op.cit.

48 Brophy interviews.

49 ibid.

50 ibid. also: Smith Mine Plans, State Mine Inspector's Office,
Helena, Montana. _

51 Brophy interviews.

52 ibid.

53 ibid.

5% Interview with Bob Wiley, Billings, Montana, October 1982.
55 Brophy interviews.

6 ibid. also: plan of International Mines, Meridian files.
57 Brophy interviews and Brophy composite plan.

6.1.10 Other Sources, Not Specifically Cited Above, But Used As
Part of the Context Materials for This Study

Note:

In order to avoid duplication in a paper of this scope, we are
not 1isting below all the sources specifically cited in support of
various points in the text above. For full citations of those, see

the footnotes.

6-23



Major Sets of Documentary Resources We Found Useful

By far the largest body of documents relevant to the Red
Lodge/Bear Creek Coal Fields are the files of the Northwestern
Improvement Company. These consist of 136 boxes (about 200 linear
feet of ff]e drawer) of records in the Archives and Manuscripts
Division of the Minnesota Historical Society, St. Paul, Minnesota.
They have been heavily indexed in several different ways. Micro-
films of original company cross-index cards are available for use in
the reading room of the Society at the Archives. Additionally,
the archivists there have prepared index volumes (about 20 feet
of shelf of these) that provide further access to the various files.
We have cited the directly important papers aone. A historian
working with the overall story of the mines or communities involved
would do well to examine the collections first hand, as there is much
beyond the technical mining data we were looking for.

The original notebooks and sketch maps of U.S.G.S. personnel
in the Field Records Branch of the U.S.G.S. Library in Denver
should usually be checked when doing research on a major mining
property. We have cited some specific items above that contain both
technical and other data on this field beyond that which we used on
the points involved.

The U.S.G.S. Photo-Library has some interesting photos of
the Bear Creek Coal Company's surface plant, c.1907.

The Montana State Bureau of Mines has in its early years dealt
mostly with hardrock and placer deposits of metallic minerals. We
did secure unique plans of both the Smith and Foster Mines from

that repository.
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The Montana Historical Society in Helena has a large uncataloged
volume of records of the Montana Coal and Iron Company, but a check
of these by Paul Anderson revealed that they were primarily accounting
records.

The Library of Meridian Minerals and Land Company, Billings,
Montana contains many useful publications on the area, but its most
important holdings are its files of maps and mine plans, nearly
100 in number. Of these about half are of the NWI in various seams
and stages of mining. The others are of other major mines in the area.

The files of the Brophy Coal Company and the earlier Smokeless
and Sootless Coal Company were apparently destroyed by vandalism to
a great degree some years ago. James R. Brophy, Sr. does have blue-
print copies of a number of NWI and other maps that also exist in
the Meridian collections. More important, he has several unique maps
prepared by himself and his father of great importance to understanding
the Bear Creek field. Then for this project, he prepared maps to show
areas where each major seam has been worked-out in the country east
of Rocky Fork and on through the Bear Creek country.

A vast quantity of Montana Coal and Iron Company files remain
in their buildings at Smith Mine, highly vulnerable to vandalism.

Specialized Geological Publications

(Segments of some of these are cited above, but we 1ist the
overall studies here, since they often contain other articles that
help to place the field in context).

U.S.G.S. Bulletins #285, 316-C, 341, 641, 822A.

U.5.G.S. Circular #53: John X. Combon, Donald M. Brown, Helen F.
Pulver and Dorothy A. Taylor, "Coal Resources of Montana", 1949,
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U.S. W.P.A. & Montana School of Mines, Bibliography of Geology
& Mineral Resources of Montana, Butte: Montana School of Mines, 1942.

The Biennial Reports of the Montana Bureau of Agriculture, Labor
and Industry contain much that would be of interest to a social or
economic historian working with coal mining history on this area,
but not much technical detail of use for this project.

Montana Highway Department, Montana City . Plats and Aerial Photos,
Helena, 1971.

G. L. Decker, et.al., The Montana Automated Data Processing System
for Soil Inventories, Research Report #89 of the Montana Experiment
Station, 1975.

Montana Water Resource Atlas, Bozeman: Montana State University, 1981.

John J. Donahue, Montana Water Quality Bibliography, 1974-1977, Helena:
Department of Health and Environmental Science, 1977.

Montana's Production, A Statistical Summary of the State's
Industries, 1930-1938, Montana State University, 1938.

Ivan A. Given, Mechanical Loading of Coal Underground, N.Y.: McGraw-Hill,
1943.

Howard N. Eavenson, Coa] Through the Ages, N.Y.: American Association
of Mining Engineers.

"History, Including Production Statistics, Geology and Mine Disasters
of the Coal Fields of Montana", Montana, The Magazine of Western
History, V. 23, #4, October 1973, pp. 18-31.

John M. Pinchock (compiler), Index Map and Bibliography of Coal Studies
in Montana, Special Publication #71, Butte: Montana State Bureau of
Mines, 1976.

E. H. Gilmour and G. G. Dahl, Jr., Montana Coal Analyses, Special
Publication #43, Montana State Bureau of Mines, 1967.

Joe H. Rawlins, Geologist, Red Lodge-Bear Creek Coal Partners Report,
Billings, Montana, February 1976.

U. S. Bureau of Mines Technical Paper #529, 1932.

J. P. Rowe, Montana Coal and Lignite Deposits, University of Montana
Bulletin #37, Geological Series #2, Missoula, 1906.

George Darrow, "The Bear Creek Coal Field", Field Book of the 5th Annual
Field Conference, Billings Geological Society, Billings, Montana, 1954.

Frank L. Gaddy, "Roof Control" in (Samuel M. Cassidy, ed.) Elements of
. Practical Coal Mining, N.Y.: Society of Mining Engineers, 1973..
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Floyd W. Parsons, "Montana's Great Coal Fields and Its Collieries",
Engineering and Mining Journal, November 23, 1907.

Floyd W. Parsons, "The Operation of Coal Mines in Montana", Engineering
and Mining Journal, December 7, 1907.

Floyd W. Parsons, "Coal in Montana“, Mining and Scientific Press,
December 24, 1904.

J. P. Rowe, "Montana Coal Mines", in Mines & Minerals, V. 27, #11,
June 1907.

J. P. Rowe, "The Montana Coal Fields", Mining Magazine, March 1905.

Walter H. Weed, "Notes on the Coal Fields of Montana", Montana
School of Mines Quarterly, V. 12, pp. 128-ff.

Walter H. Weed, "The Coal Fields of Montana", Engineering and Mining
Journal, May 14 and May 21, 1892,

- Report of the Governor's Special Committee to Investigate the Smith
Mine Disaster, Helena, 1943.

6.1.11 General Context History Sources

We have done an intensive search of library sources for technical
data in this study, and have used a large number of items for context
on the area. There seems to be Tittle need to list all of these in a
technical study such as this paper. For thos who wish to branch off
into social and economic history on these mining communities, the
following will be useful points of departure.

Robert A. Murray, Jerry Sanders, Russell W. Bessette, énd Anne McGeorge,
"Red Lodge Area" in: "Historic Sites Inventory and Evaluation of
Nine Large Sample Tracts in Montana", unpublished mss. prepared for
Bureau of Land Management, 1976. Contains a ten page bibliography
on the Red Lodge area.

T. E. Butler, Carbon County, Montana, Its Resources and Its Future,
a supplement to the Red Lodge Republican/Picket, 1909.

Rex C. Myers, Montana: A State and Its Relationship With Railroads,
1864-1970, Missoula, Montana, 1972.

Arnon Gutfeld, Montana's Agony: Years of War and Hysteria, 1917-1921,
Gainesbille: University Presses of Florida, 1979.

William L. Land and Rex C. Myers, Montana, Our Land and People, Boulder:
Pruett Press, 1979. ' ‘ '
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Coburn Johnson, Bibliography of Montana Local Histories, Helena:
Montana .Library Association, 1977.

"History of Coal Mining Town", Montana, The Magazine of Western
History, V. 11, #3, July 1961.

E. S. Topping, Chronicles of the Yellowstone (Robert A. Murray, ed.),
St. Paul: Ross & Haines, 1968.
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6.2 HYDROLOGY

6.2.1 Terms of Reference

In the Department of State Lands (DSL), State of Montana requests
for proposals (part III.B.) the State outlined the type of surface
water, groundwater, and mine drainage analyses needed to complete the
study objective. As stated "all mines in the study area discharging
mine drainage and those showing evidence of seasonal drainage will
be identified and plotted on the base maps. Discharge rates and
chemical analysis of mine drainage will be measured at the identified
site four (4) separated times during this study".

Further, "Tocal landowners will be contacted to determine the existence
of shallow aquifer wells. Well logs should be obtained for all eligible
Study wells. A complete chemica] analysis will be performed on ground—
water samples taken from horizons potentially affected by surrounding
mine drainage. The well Tocations will be numbered and plotted on the
base maps".

In the successful bid submitted by KM&E, this requirement will be
met as stated:

"KM&E will provide qualified hydrologists to éample

water sources in the area for potential pollution from mine

workings. This will be accomplished by sampling water in both

Rock Creek and Bear Creek at strategic locations to isolate

the source and magnitude of the pollution.

Water wells and springs in the area will be sampled to

assess the extent of any groundwater pollution and determine

baseline quality parameters. A search will be made for drill

Togs for all applicable wells. The location of all sample

sites will be accurately identified on a topographic map.
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Any sources of active mine discharge will be Tocated
and the discharge rate determined as well as sampled.
The water samples will be Co]]ected and analyzed in
accordance with DSL's 1977 Water Resources Guidelines.
Field parameters checked will include dissolved oxygen,
temperature, specific conductance, and pH. The samples
will then be field acidified, filtered, and transported
to our Sheridan lab for further analysis.
We estimate a total of 20 surface water samp1es
and 8 groundwater samples will be sufficient for an analysis
of potential water pollution. If the DSL determines more
samples are necessary, the price will be negotiated
outside of this contract".
Dick Juntunen (DSL) was notified in writing on November 5, 1982,
that the frequency of surface water quality sampling was to be modified
from 4 to 2 times during the study, which was accepted by Mr. Juntunen.

6.2.2 Literature Search

A Titerature search and several interviews were conducted with
private individuals to ascertain information on the hydrology and water
quality of the_Red Lodge and Bearcreek, Montana.area.

A groundwater inventory of Carbqn County, Montana (Montana Water
Resources Board, 1969) was conducted which depicts conditions of
groundwater availability in Carbon County and points out areas where
data was lacking or inadequate. The report indicates 307 wells filed
with the Montana Water Resources Board in 1969, over half of which were
completed in the Clarks Fork-Rock Creek alluvium. Only 24 of the wells
were completed in underlying bedrock with the remaining wells completed

in alluvium along perennial streams.
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The average thickness of alluvium in the County is 30 feet.

"; Alluvium in the Clarks Fork valley is slightly thicker than along Rock
Creek or elsewhere in the County.

In the vicinity of Red Lodge, an exposure near the mountain front
is composed of about 200 feet of terrace gravel and till resting on gently
tilted Tertiary sedimentary rocks. The lower 60 feet of this deposit
is coarse gravel derived from crystalline rock. ATong Rock Creek the
reported thickness of terrace gravels is 7 to 115 feet with 15 to 50
feet being common. Twenty-five wells were reported to be completed
in this aquifer in the County and yields were significant and ranged
up to 3,000 gpm.

The Fort Union formation is a sequence of sandstone, shales, clays,
and coal beds ranging in thickness of from about 600 to more than

8,500 feet. The shales and clays are impervious and do not yield water

readily, but the sandstones are regiona]}sources of groundwater. Coal
beds can also be aguifers and some old mine workings in the vicinity of
Red Lodge are known to be filled with water. The Fort Union formation
does provide water for low yielding wells.
The Tisting of wells reported in this publication was updated
in Qctober 1982. THe Montana Department of Natural Resources and
Conservation-Water'Right System (DNRC-WRS) was seafched and wells and
springs in the study area listed. A further explanation of the findings |
of this search will be discussed in a following section. In addition,
Pacific Railroad Company fi]es kept at Meridian Coal in Billings, Montana
were searched for water well 1istings aﬁd several wells reported. The
quality of these files is poor and will also be discussed in a following
- section. Rob Wiley, a Mining Engineer for IntraSearch, was helpful in

obtaining this water well information.
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ance many water wells are drilled and water rights are either
not applied for from the DNRC or not yet listed in the DNRC filing
system, all water well drillers Tisted in the Billings, Montana phone
book were contacted in writing. Out of the twelve well drillers
contacted, only five reb]ied. Only one of the well drillers who replied
indicated that he had completed wells in tﬁe Red Lodge/Bearcreek area.
This 1nformat1§n will be evaluated in a following section.

KM&E also conducted severa? private interviews with people familiar
with the area. Wayne VanVoast (Montana Bureau of Mines and Geology,
Bi1lings Office) was interviewed and indicated that he knew of few wells
in the study area. He believed that quite a few alluvial wells were
completed in Rock Creek alluvium, but doubted that the coal beds were
preéent]y being beneficially used. He indicated that springs in the
area were common and that the town of Bearcreek piped drinking water
in from a spring several miles away. He thought water was piped in
because they could not find suitable water quality in the vicinity of
the town.

Mrs. Cecil Blackler, the Mayor of Bearcreék, was interviewed by
telephone. She discussed the town's water supply which was completed

prior to WWI (replaced about 10-12 years ago) and indicated that the

~townspeople don't use local groundwater due to its poor quality. She

knew of only one existing well which was owned by the Pfeifer family.

The Pfeifer's apparently attempted to use the well fof garden watering,
but the quality was such that even the grass in their yard died. The
Pfeifers could not be reached, but other townspeople indicated that the
pump was in disrepair and the well had not been used for quite some time.
They thought the well was "a couple of hundred" feet deep which would

probably indicate completion in the Fort Union formation. She also recalled
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that a second well completion in the area was attempted, but the
quality was too poor for use. Rose and Harry Kline, local residents,
verified the information about the Pfeifer well supplied by Mrs.

- Blackler. Other local residents indicated that in the past several
hand-dug water wells were completed in Bear Creek and Scotch Coulee
alluvium, but since the installation of the town's water supply system,
these were no longer necessary. Some evidence of these defunct "wells"
can be found along Bear Creek.

Finally, Pat Markensen of the Montana Fish and Game Fisheries
Division, Billings Office was contacted. He supplied KMAE a job progress
report and a rough sketch of the Red Lodge, Montana area. This sketch
Tocated numerous seeps from old underground mine portals east of Rock
Creek, which flow into the perénnia] stream. The Fish and Game
Division sampled these seeps and analyzed flow, water temperature,
color, taste, odor, dissolved oxygen,rCOZ, H,S, total alkalinity, and
hardness.

6.2.3 Sampling Site Description

6.2.3.1. Red Lodge Area

A1l sampling site locations are depicted on Exhibits No. 5 & 6.
Three water quality samp]ihg sites'were established on Rock Creek and
streamflow was méasured at the upstream and downstream sites. These
sites were established upstream and downstream of two large gob piles
(underground mine tailings) which come into contact with Rock Creek.
Site #1 is located upstream of all mining disturbance, Site #2 is
Tocated between the gob piles, and Site #3 is located at the downstream
end of the northern gob pile, just upstream of the irrigation diversion
structure on Rock .Creek.

The coal seams in the area generally dip to the west/northwest.
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Along the east edge of Rock Creek, between sampling Sites #1 and #2,
several underground mine portals and disturbance are located. Apparently,
these underground mine cavities are saturated because, as a direct
result of the dip of the coal seams, groundwater discharge is common.
Exhibit No. 8 pictorially depicts the approximate Tocation of these mine
related seeps and sampling site locations (which are also shown on
Exhibit No. 5).

As shown on Exhibit No. 8 some of the seeps come directly from
underground mine portal openings while others are associated with mine
related slumpage. Seven locations were previously sampled by the
Montana Fish and Game Division, while KM&E chose three stratigically
1océted sampling sites. The REA seep originates about midway up the
slope from mine related slumps. The Montana Power seep is a combination

of discharge from mine related slumping and direct discharge from under-

ground mine portals in the various coal seams. The farm house portal

seep is direct discharge from a mine portal which originates in sandstone.

It must be deduced that this portal was an intermediate drift possibly

for air circulation. |

Recharge to the underground mines occurs in the SE quartef of

Section 26, where subsidence is common. A spring, which probably

originates from terrace gravels, flows down an ephemeral drainage and

recharges the underground mines at two subsidence locations (Exhibit No. 5).
- Four sites were established, one of which was chosen for a full water

quality analysis. Site RLTopC is located downstream of the spring and

upstream of all subsidence. Flow and water temperature were measured
‘at this site. Sampling Site RLTopB is located upstream of the second
—. series of subsidence. A full water quality sample was collected and

flow measured at this site. Just downstream of this site, flow diverges
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with one fork recharging the second series of subsidence holes and
the other fork continuing downstream.and eventually recharging the
Tast series of subsidence (northerly most string). Site RLTopD is
Tocated about five feet upstream of direct recharge to the second
string of subsidence holes. Flow and water temperature were measured
at this site. Site RLTopA is located Jjust upstream of recharge to
the northerly most series of subsidence holes. Flow and water temperature
were measured and no flow was'observed downstream of this series of
subsidence. |

No water wells could be found which were completed in the coal
seams mined and therefore no samples taken. Due to the high water
bearing characteristics of Rock Creek alluvium and terrace gravels,
it is probable that the coal seams are not beneficially used as a
water-supp]y.

6.2.3.2 Bearcreek, Montana Mining Area

The Bearcreek mining area was divided into four sub-areas:
Virtue Gulch, Foster Gulch, Bear Creek, and Scotch Coulee. Sampling
sites were located to:

a. Sample groundwater.

b. Full surface water quality analysis upstream and
downstream -of mine impact areas.

c. Field water quality analysis (specific conductance,
PH, and water temperature). These sites are located
in relation to specific gob piles, or mine related
disturbance and are designated by a number followed

| by the letter A.

Only one existing water well could be Tocated, but could not be sampled

since the pump was not in working order and the owners could not be

contacted. 6-35



Virtue Gulch Area

Four surface water sampling sites are located on Virtue Gulch
(Exhibit No. 6), two for full water quality analysis, and two for
field parameters only. Site #9 is located upstream of all inactive
mining activity and downstream of the Brophy (Beartooth) mine.
Sampling Site #10 is located downstream of mining activity about 100
feet upstream of the confluence with Bear Creek.

Sites 8A and 9A are located between Sites 9 and 10 and are
situated downstream of two gob piles which contact the stream.

Site 9A is located just upstream of the first major ephemeral tribu-
tary downstream of Site #9, while 8A is Jocated upstream of Site #10,
between mine tailings and a gob pile.

One groundwater sampling site was established. The Virtue

Gulch Portal Seep sampling site is located SE,SE Section 31 where

groundwater discharge occurs directly out of an underground mine portal.

Foster Gulch Area

Two sampling sites were established on Foster Gulch (Exhibit No. 6).
Sampling Site #7 is located upstream of mine disturbance. Flow originates
from a spring ]dcated along the west bank of the stream course. The
source of the spring is coal. Site #8 is located downstream where f1ow

infiltrates into underlying alluvium. A1l flow in the channel was a

direct result of the spring originating in the coal seam.

Scotch Coulee Area

Four surface water sampling sites were established on Scotch
Coulee (Exhibit No. 6). Sampling Site #4 is located upstream of the
Smith Mine disturbance and downstream of the Washoe Dump disturbance.

Sites 1A and 2A are 1ocatéd upstream and downstream of the Washoe Mine

i :
v |
e

dump. Site 5A is located about 300 feet upstream of the Bear Creek
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confluence. Only field parameters were collected at sites 1A, 2A,
and 5A to isolate possible impacts from specific mine disturbance.

Two groundwater quality sites were established (Exhibit No. 6).
The Washoe Mine dump site is located to the north of the dump and a
sample was collected from the flowing spring. Along the west bank of
Scotch Coulee near the confluence with Bear Creek is a Smith underground

mine portal. Discharge from this portal was sampled at the Smith Portal
Seep site.

Bear Creek Area

Seven surface water quality sampling sites were established on
Bear Creek, three for full water quality analysis (#5, #6, and down-
stream of the town) and four sites (#3A, #4A, #6A, and #7A) for field
parameters only (Exhibit No. 6).

Sampling Site #5 is located upstream of significant mine disturbance
near tﬁe town of Bearcreek's municipal water storage tank. Site #6
is Tocated downstream of mine disturbance and upstream of the Virtue
Gulch confluence. An additional sampling site was added during the
second visit to the area. The Bearcreek Below Town site is located
downstream of the town of Bearcreek to measure effects of the town
on water quality.

Sites #3A and #4A were located upstream and downstream, respectively,
of the Burns Mine tributary confluence. Site #6A is located downstream
of the Scotch Coulee confluence and Site #7A is Tocated downstream
of the unnamed Coulee mine Tocated south of Highway 308 and upstream
of the Highway Mine tributary.

Two groundwater quality sites were established (Exhibit No. 6).

Site BW (for Black Water) descriptively describes a large spring sampled

near the Bear Creek Strip Mine. The source gf the spring was coal.
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Sincé seepage occurs along the entire length of the coal outcrop, it
E was impossible to measure the quantity of flow. To benefit the

townspeople of Bearcreek, a water quality sample was collected from
their drinking water supply. The site of sample collection was the
Bearcreek Bar. Since the ultimate source of this supply 15 a spring,
it was classified as a groundwater samp]fng site.
6.2.4 Methodology

Water quality samples were collected by facing the mouth of the
sample bottle upstream and submerging the bottle to the stream bottom
in order to collect a "depth-integrated" sample. Sample bottle acidi-
fication was conducted in accord with standard procedures for oil and
grease, ﬁutrient, and trace metal analyses. Dissolved trace metal
samples were field filtered through a 0.45 Micron filter. A1l samples

were stored in a cooler which was kept cold prior to delivery to the

KM&E Tab.

Streamgaging followed standard practices. A cloth tape was
strung perpendicular to the stream. The entire section was divided into
subsections, the number of which is determined by the size of the
stream. Depth of water was measured for each subsection and velocity
determined with velocity measuring instruments. Total flow was determined
by summing the flow from each subsection.

Specific conductance was determined in the field with YSI (Model 33)
and Beckman SoluBridge conductivity meters. Water temperature was
measured with a mercury thermometer. The field pH was measured with
Corning Model 610A-Expand Portable pH meters. Dissolved oxygen was
measured in the field with a YSI Model 51B D.0. meter. Instrument

calibration is conducted regularly to ensure accurate readings.
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Lab analyses are conducted in accord with standard practices as
outlined by the EPA - Methods for Chemical Analysis of Water and Wastes
Manual. The Montana Department of State Lands 1977 Water Resources
Guideline was used to determine the analyses to be performed. Total
dissolved solids concentration was added to the 1ist of analyses, the
second time samples were collected, for impact analysis. In addition,
total and dissolved silver concentrations were measured during the
second sampling period for Rock Creek samples. This parameter was
added since the large lead and silver mining district is located

upstream in the headwater area of Rock Creek located in the Beartooth

Mountains.
6.2.5 Results

6.2.5.1 Well and Spring Inventory

A water well and spring inventory was conducted for the Red
Lodge coal field area. A Tisting of well andrspring water rights was
obtained from the DNRC for the study areas and is enclosed at the
end of this report. Locations of watéf'rights are depicted on
Exhibits Nos. 5 and 6.

A Tisting of wells and Tithologic logs was also obtained from
Pacific Railroad Company files, but none of the wells listed were in
the study area.

A survey of local water well drilling companies.(all 12 Tisted

in the Billings phone book) resulted in the location of one additional
well near the confluence of Foster Gulch and Bear Creek. However,
a field reconnaissance of the area failed to locate the well. Since
the respondent failed to indicate the name of his company, no further
contact was made regarding this possible well. Since local residents
could not recall any.wélls drilled in the Foster Gulch area, it is

assumed that the well location was either misplotted or has keen destroyed.
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Interviews with Mrs. Blackler and Mr. and Mrs. Kline indicated
that an existing well not Tisted by the DNRC is owned by the Pfeifer
family (Exhibit No. 6). \Iﬁihffeifers cdﬁaéﬂnAt be réached during the
field reconnaissance however, and no 1itholog could be obtained. The
well and pump are thought to be in disrepair and groundwater not put to
beneficial use. ) |

Several misce;]aneous seeps and springs were located during the

study and are listed below:

SITE LOCATION COMMENTS
Red Lodge underground NESE and SESE Section Seeps from portal openings
mine seeps 275 T7S, R20E and mine related

sTumping (as discussed
in the Sampling Site
Description of this report)

Spring SWSW Section 24, Shown on USGS Quad Map. i
T7S, R20E !
Spring ' SWSE Section 26; Source: Rock Creek
T7S, R20E terrace gravels.
Foster Gulch Spring NESE Section 73 Source: coal.
T8S, R21E
BW Spring SWSE Section 6; Source: coal.
T8S, R21E
Smith Portal Seep NWSE Section 6; Source: coal, discharge
T8S, R21E from Smith Mine portal.
Washoe Dump Spring NENW Section 1; Source: unknown.
: T8S, R20E
Virtue Gulch Springs SWSE Section 31; Source: unknown.
T7S, R21E
Virtue Gulch Portal Seep SESE Section 31, Source: coal, discharge
T7S, R21E from Virtue Gulch Mine
portal.

"
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6.2.5.2 Water Quality

Ty A total of twenty (20) surface water quality samples and eight (8)
- groundwater quality samples were collected from the Red Lodge, Virtue
Gulch, Foster Gulch, Scotch Coulee, and Bear Creek areas. The site

locations are shown on Exhibits Nos. 5 and 6 and are listed as follows:

STREAM OR
DATES OF GROUNDWATER
SITE SAMPLING SOURCE COMMENTS
1 10/]9? 11/09/82 Rock Creek Upstream disturbance.
2 10/18, 11/09/82 Rock Creek | Between gob piles.
3 10/18, 11/09/82 Rock Creek Downstream of gob piles.
4 10/19, 11/10/82 Scotch Coulee
5 10/19, 11/10/82 Bear Creek Near water tank.
6 10/19, 11/10/82 Bear Creek ‘ Upstream Virtue Gulch
confluence.
7 11/11/82 Foster Gulch - Spring from coal.
8 . 11/11/82 Foster Gulch Downstream of spring.
9 10/20, 11/08/82 Virtue Gulch Upstream of inactive
mining; downstream of
Brophy (Beartooth) Mine.
10 11719, 11/08/82 Virtue Gulch Downstream of mine
disturbance.
Bear Creek 11/11/82 Bear Creek Downstream of Bearcreek,
Below Town Montana.
BW 11/10/82 Coal Near Smith Strip Mine,
Surface Water Quality
Analysis,
Smith Mine 11/10/82 Coal. From Smith underground
Portal Seep mine portal discharge.
Virtue Guich 11/10/82 Coal From Virtue Gulch
Portal Seep underground mine portal
discharge.
RLTopB 11/10/82 Rock Creek East bench.

Terrace Gravel

Y
F
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SITE

Washoe Dump
Spring

REA Seep
Farm House

Portal Seep

Montana Power
Seeps

Bearcreek Bar

1A*

2A*

3A*

4A*

S5A*

6A*

8A*

9A*

DATES OF
SAMPLING
11/10/82
11/11/82
11/11/82

11/11/82

11/11/82
10/20, 11/12/82

10/20, 11/12/82

- 10/20, 11/12/82

10/20, 11/12/82

10/20, 11/12/82

10/20, 11/12/82

10/20, 11/08/82

10/20, 11/08/82

*Limited Field Parameters Only

STREAM OR
GROUNDWATER

SOURCE

Unknown

Coal

Coal, Sandstone

Coal

Bedrock Springs

Scotch Coulee
Scotch Coulee

Bear Creek
Bear Creek

Scotch Coulee

Bear Creek

Virtue Gulch

Virtue Gulch

COMMENTS

Northwest of dump.

Mine disturbance.

.Mine disturbance and

underground mine portal
discharge.

Mine disturbance and
underground mine portal
discharge.

Bearcreek, Montana
water supply.

About 3,800 ft. upstream
of Site #4 and Washoe Dump.

About 2,000 ft. upstream
of Site #4.

About 1,000 ft. downstream
of Site #5, below Smith
Mine.

About 1,800 ft. downstream
of Site #5, downstream
of Burns Mine tributary.

About 300 ft. upstream
of Bear Creek confluence.

About 700 ft. downstream
of Bear Creek and Scotch
Coulee confluence.

About 2,000 ft. upstream
of Site #10.

About 4,000 ft. upstream
of Site #10.

The surface water sites (1-6, 9, and 10) were sampled in

mid-October and November 1982.

Preceding the October sampling period

was a heavy snowfall, particularly in the vicinity of Red Lodge, Montana.

6-42



During sample collection, snowmelt runoff was evident. Little or
no snowmelt runoff occurred during the November sampling periods.
The remaining surface and groundwater sites were sampled from
November 8 to November 12, 1982.

A1T reduced field data are presented in Tables 6.2.1 thru 6.2.4.
Sampling dates; time of sampling, units of measﬁrement, etc., are
presented on these tables.

Analytical lab results for all sites are presented at the end
of this report. For comparison purposes, those sites sampled twice
are presented in Tables 6.2.5 thru 6.2.13. Milliequivalent balances
(cation meq/1 minus anion meq/1) were close to zero (0) indicating
that all predominant ions were analyzed ahd also indicating very good

analytical precision.
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6.2.6 Bearcreek, Montana Water Supply

A sample was collected from the town drinking water supply
(Bearcreek Bar site). For those parameters analyzed, this subp]y

meets applicable EPA standards for public drinking water supplies.

j
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6.2.7 Department of Natural Resources and Conservation

Water Rights System, Red Lodge Coal Field Well and
Spring Water Rights |

6-45



i

HG61-29-%0 00CO0 og*2 oe*ot 9 00°*02 a v 302 SL0 hsh § MNMMNIN 09-~9IQZ2T0-»*— QCY
[9A1-62-90 0GT{ co° 2 00°g S01 K D 302 S0 Si  3N3535 BN-501 bF 0=~ OF b
vS6HI-20-4D 0000 0009 > 00°9tt a ¥ 302 SILC T Gl MNMNIN N0-205G10-M— CTy
AL6T-20-v0 SSS1 00°2 MovD 102 S20 St MSMS 00 -REH2Z70~d= OFY
496 1-10-90 0000 00-008°*1 3 052 a v> 202 sce Sf 353§ Ce-012010—MA— G

. ves1-20~t0 0000 00°1 S 00°L1 a ¥ 302 s20 <1 100 100  0C-Rv&HIO-F= Crh

vi 28R/1~-DEC—90 CT1CT Q0*2 9 00°Sv La] vD 302 SLO St 00 =-vLO994 0~ (QCH
RLETL-C0—-LC FECL s o 00°*SE o€ L vD 302 S&Ld w1 INMG MG fHMD § 1 0O-6 VAL L=~ CT v
L261—-92-21 wogl 0G* i 9 0001 , LA . vd 302 SL0 tl MAS AN N0-v22910-D2~ CEY
SLEL=-22-2% £EII 0G=1 9 Q0°*0f 8€ M VD 207 SL0 LAl MNMAN BN N0 T €1l BOI-11ASZ20-D~ Ot
L161-91-21 ZS€1 00°¢ 9 00°52 - M v 307 sz0 T MN 0Z0  00-%19910-7- COFy
vSAT-20-»0 0000 SL [eXeRdh) 9 00°*S g Y 3902 SL0 LA vi{0o CC~azZ2070~m— COCy
OvAT-I0—-%0 00QO0 [eXo R 2 0Q*8av 9 00°0¢€ L} ¥ 308 cLC i MNRTMS 00 ~A/0bER0~M— QFf
QLal-22-90 €11 NGy’ 9 00°*02 0% M vD 302 SLD tr ASMHNKS 0N ~9K6AT10-02— CC»
f621-0C~-Q0 Q000 000272 0000l PR VIS a vD el SLn it ANMS IS TO-GLOBP I ~R- CT o
LLpl-02-71 GCfl 2961t 9 00°+%e ~ Le] 02 3540 T MNMAS NIMOL Qz 0C -7 HIT0~-~ Qv
IB”1-92-0t1 0F 0L 00°*g S 00°0¢ M ¥O 302 SL0 1t L) N3N0 6 CC—RLZLC0-D~ Oy
2C6HTI~-20-%0 0000 og -1t cQL 2 80° q v 202 SL9 10 100 0N—-LRAZ0 T—M~ O »
%G/1~20-v0 0000 621 0n"0€R 1 5 go-° a va 302 S29 11 900  00-%.GZ0T1-mM- afh
{[/61—€c2~20 Q111 gs°*1 9 00°*°G2 » v 502 sS40 1t AC-LAUT =13~ CH
LEG6GI-02-L0 CO0Q oo 1t Q0 °0¢€ J L. a vJ 302 SL0 [+3 § GNIAGHS CO-GIAKLO-¥—- CECH

5 LLAET-02—50 00wl a6y D 00°0¢ L] v ez SL0 13 MNTEINZM Q0-FL2GIN=-"= CTw

i I/RAI—-LI=-%0 2180 69°S 9 00°02 Qv M v 302 SL0 2 MSSNHS Ivdotr 651 NO-50L2C0-T1- CCw
2891-10-90 0000 00°1 DEe1 5 00+01 o wd 302 sze g MSMS N 0N-200K [~F~ GCv
9831-00—-00 rQOQ ov*y 201" qa v 202 SL0 e MSAGAN 00=QLETL L ~1~ GO ¥
1961—-02-G0 (0721 102 2 0G°*2 a vD 307 sS40 3 ASHS Ivdnt . NO—~CLTCEO=D— GO
1861—e0-¢0 SO1t Dot 9 00°*Gl sel L) YD 307 sSL0 ] BANIN TQ—-wI”RZC J=D— LY
7991-00-00 0000 ne=g 9 00° G4 a vd 202 SL9 L INMCSM T ON=ZAC{TI [—-A~ QC ¢
tZ61-92-1f 0000 0S-t sG*1 9 ¢0*01 A WD 302 SL0 z aNTS 3S 00~LACIT I -4~ OFH
1161-52-£0 HZF1 5 006 oS ® vd 392 Sz0 i INTS T% 00-ZLAT10-J= €fw
1261-92-11 €000 00*0v 20° € 9 00°0¢ a v ne szs0 I ASISMN NI-GHETT T-w— CEYH
v6RI-SI—-50 0000 00* 09 SXAd T3 D £9° R qa v Jor SL0 VA MNMNISN ON=-FClell I—¥~ QT
ARR1-00-00 00CQ oveg 9 00°52 a v 302 S0 L MNMN N 00-2LCT1 1-K= OFy
LLABL-H2-C0 Z22F1 9 0G6*S S8t ) v 302 S40 Q ISFS 2N Q=T25110-"~ CEF»
{651—-02-H0 9CKO go*¢€ D 00°*21 Ld v 2ne SL0 < ANININ DO-SICGLO~-"= Qv
I8AT-vI-60 1180 NG~ 1 9 00°*01 48 »” A\ 02 Sen 14 HNPN IS diLot 1 2t 00~-GURGE 0~D—
(861~-S1—-60 0280 Qo2 70°g 9 00*06 6€ L) vD 302 SLQ v ISANMN 09-2885£0—-D~

1 195 (—10-21 ¢(50 [ AR § 9 00°s2 o€ L) v 302 G40 z MNSSMS 00 —6%CQ3C 0D~ C

i} 1861-v0-21 G101 M vD 3oz sS40 2 MNMSIS 00-1IBT»0~1—~ CE®
S261~-00-00 QOCD o0°Cwn 0009t 2 go*t a ¥ 202 TLO Z A NMNIS 0 ~6C8CHQ—M— OOV
18661~G2-80 (SRO [sXe g 9 00*0t 6¢ M vD 202 SL0 Z MSISIN NINO§ vz DD -SLHGECO-D— CEY
0961-A1—-c0 C€CI1T £S* 9 0n*o02 ot » YD 302 S20 Z MANTNIN WIAINQ L -4 00 -66597 03—~ OFhH
LE6T-02-L0 COCO go-1 [eh=hal D ene a vd 3922 L0 Z MNZS 00-9/1(GE0—M4— QY
EC61-G0-60 0000 6242 © (=901 5 62° a v 302 SL0 z mNZTS 00-229219—M— Qb
IR61~-20~-21 G060 0s*1 9 00°s2 og LJ v 302 SL0 4 mNMS ! 00—-9RT9C0-2— gt
AL6I~0C-0T Ivel oGt 9 00wt ot L) vD 302 SL40 2 MmAIMN 9YMO1 A/ £ 00-RE6H642 0~ OCw
I1L58-62—10 01CT O Q0L 06 ] v 202 540 1 DINMGS MmN Ce—COITTIO=D— Q™
2861-0c—v0 SI60 9 00°0S M vd EX:}1 sS40 ve INMNAKS ' 0C-60S v 0—-H— QP
0691-00-00 0000 oc*y 9 00°g a vd 361 cs0 SZ  3ISENKS : CO-9G990 T~K~ CE®
0681~00~-00 0000 oz2*2 9 062 [¢§ v 26T SL0 A T4 ENMNIG 00—-LSE90 E—m— CEH
{161-10-90 0000 00°Z zL~0s 3 8g°1 o a v 361 Si0 %1 mSMS3S 00-0CB9Z0—R- CEY
JivQ ALLIEOIYJL S34Y0V IWNTI0A MPK%} H1ldd G ALND o] ML N1DS N12S HL1L0 aans A3g 107 © 43IFGNHNN

5., “nﬁ>\\; s e e eTe e = ¢ ¢ NDISHIAIGQ 0 INIOd * ¢ * * o =+ e LHOTY YILVYM -
/ rh/d% \§M”~FW~J NOIL1dTHDS3A ANYTT LAHOIY M3ILVYM
. N WILSAS LHOIY MILVA ;e 12791 28/91/L0

26 . FOvd NOILIVAYMISNGD 1 SIDEN0SIY TVHNLYN =0 hZN!P&(QNQ - . . ! SZHSUM thlmm

]
Lo
i

“
i
:
t
J

|

1




2L/T-00-00
PLAI-GO-60
QLAI~LTI-00
196 1-0€~11
[RAL~22-10
6L6T-QT~11
L6~ 12~F0
9L6T1-20~F0
196 1(-10-20
£95 (-G t-20
RLH1—-QZ2-GQ
gL61-C1—-C0
9LHI-QT~1 1
$L51-61-60
QESBTL-52-C0
TECHEY-F 1-90
6601-61-80
866{-10-10
096l -0E-11
(126 1-00-00
0O61-91-71
LLIBE-T11-00
086 TI-¢£ 121
26 1-[2-H0
Be6l-10~10
68Q1~-00-09
L261-01~-a0
6LAET-90-20
2L61-61~80
(1251-00-09
1261-00-00
SeRI-HI-21
ZLBHTL~GT~Go
2861-Q1-Cn
1e6l-02~g0
LLBHEI-TO—-CO
LiHI-22-60
BLE6T~HR0—Fn
S161~00-00
I261-0€~F0
186 [~0F-90
ARG 1~ 62-00
2E6T-0E~b0
BL6I-CI~10
LA T~LT~T0
BLO6I-CI~-10
826 1~-€1~10
S5L61-22-90
£261-60-01
TL61-20-21
6L61~%0-90

31va ALYHO

£6 3Fovd

2000
AR
Sewl
00C1t
0C60

SO0 TN,
=MONM M
IO Tttt g
e ot O ot ot g 4oy

=]
Qa

-]

de-e

061

00°2

40§
201

Q0 €01

00

009

90°g
Q02

002
oo~z

0052

00°*q
os*2

S3™IV

DR =]

CQ*»
0G*1
00
S$5°¢

s1*91
LAz 4
0s*1
os*t

0392
000
00*RI1
co=1
ce*n02
oC°0ov
oG~ 1
061
o€

201
azeq
Sr-1r
[PACRd |
0G+1
00-g
nC*s
001
oo ar
00~1
0G|
ag-~1
o9s- 1
£17
Q0 -G2Z
oG~y
0c*1
¢cs*g
e L
6¢€
0GS*1
0g°*g
00°g
(U

oS 1
INNTOA

oﬁwuuo¢wuououoo¢ouou¢ooo

OUOO&$OUGUOO@O$UODGGUOJO

[LAS AL

000G
Qo ¢
0G6*2
00°2
0062
00*ng
00°g1
002
00°01

00°gr

NOILYAYISNGD 9

06
S9t

a8
ogt

‘oct

QN
Nm

sgt
0G1
6F

o011

os1

2v

HidQ

ONILSIT

g wvd 302 SLQ ¢ INESHN 200 €10 00~-9GIAZ9—mA- qcw
L o) 302 SL0 A MSINMN Q0~691L20-H- CFe
L o] 302 SL90 € MN I N 09-£72600-23~ Cfy
LI de} 07 SL0 ag Rumg Hd901 14 < 00~27065 0=~ qry
M vD 302 SL0 4 Inps Hd20 1 4 4 00-€C2€IC0-2~ Orw
LIS Ao Inz SL0 2€ ANMS Ha90 ¥ 4 S 00 -68rGI0-2~ agry
M YD ne SLo o< INAS 900 GCo 03-9868L 1 0~2- arye
MoV D =202 SL0 2E . 23 0-T1L0A70-D= Qcyp
mv) 202 S0 << Q00 100 00-9B9 LT T—M~ QLo
a v> El4 TLN ZE 900 100 00-G9R LI T-#— QFy
M v 2072 SL0 ce H90 1 S 9 00-S2RBI0-7- acy
LI o] 3oz SL0 I Hei50 1 4 e 00~b2K/10~3- ace
L 2] a0z Se0 < Hd9201 2] i1 DC=24501 0D~ Oy
L ] 3acz L0 4 Hd920 1 S 8 27=GOr0220-I~ Ace
L o) 30z SL0 j2r4 ANINT3S N A0~-QCLSH0—M~ COFh
a p . 302 S0 L2 ANANKG 00=-"9G5Z0n—-n— CFf sy
a v 02 SL0 42 MNZG S 00-25LCT0—M~ QO
mn YD 202 SL0 L2 EREIENS ‘ D0-BHTIC0-n— ach
L do] 302 SLO Le INMSIN SS0 200 0J—b¥NGLO-n- (Crv
q v> 290z cLe L2 MNTINGN 00—-GSERZN~N~ (c
M ov) 207 SL0 L2 ANS G 00 -6599C0~D~ g
LI 2o EL1k4 L0 Lz ISkN 0 1y0 1 oz S¥ 00=229410~2~ ofy
Mmoov¥D Joz L0 Le ANMN Q0-118000-2~ afy
LA A 3nz LD 22 3N 00 =212650-9~ AcH
M ¥2 392 820 92 MNMSHN DC~Lp2IT 0—2~ GO W
Q v F02 SL0 22 ERT A §-1 CO—IRRLIND~w_ gy,
L Ae] 302 s a2 IGMSHS CO0=-AACSHLI Ot — Crs
L e 302 SLo 22 ANITNMS 0= 1Z20~0~ Con
M vD ez SL0 ze2 IEM33Ig 00-%vbZv10~-2— Qcey
a v) 307 L9 ae ASATMN Q0=4GCTAZ0-m~ QOcy
a vd 30z S0 2z ATMSHN DI-CGCRTZ O—m~ CCy,
Q vD 302 S40 A4 35xg TC-E0TLIO0-k~ Cf s
M vD 202 SLD x4 IGAS 00~Z10210—-K~ Qf s
LI Ao’ 202 S20 22 353 OO-—BREZ-0-"— e
LN o] 302 SL0 2z ISEN 00-IREECN0—D~ (rey
L e Inz SL0 22 3S3AN CO~CSZGYI0-D— (Cre
LI go] a62 SLD w MSITNMN 90-68€S10-21~ Oy
LI =/ 207 SL0 [} MNZ3Z CO-%68210-3- gy
aq  vd 302 SL0O N ASINZS Q0—=HwQIH50—H- ary
LIS 2] ane SL0 a1 aNIN CO~ZTGEE0-D~ Qe
L o) d02 SeL0 L1 MN3INMG 00—-CITIvCO0-D~ acy
M vD 302 SL0 21 MNINpG S0201 00-029270-2- qgfe
L v 302 SLO 11 MNANMMN SZ191 v 09-E£6CLY 0D~ acr
LI ] 302 S40 21 ANITS 00-£S5010—1~ Qgry
M vD ang sun 1 ANSS 00-294910->~ agw
M wD a0z sS40 21 MN3S 09-556910-9- ace
LI ] Jog SL0 1 MNIS 00 -vG565910~a~ g+
A vD Iz SL0 41 MNZN 00~602€20-2~ CCe
LI g 302 sS40 Lt ANMN 00~£22210-1~ Qs
a vd> G072 SL0 Qr MSINMS 00~2L0000-H~ OFb
LI Ao 302 seL0 9t JSKSIN 00—-v00€20~->~ Qcey
a ALND IoH Ml NL3S NLDS M10 a8ns g 107 NIGWNN
L 2 NOISYIAIQ 40 INIOd * * © « o * . LHOIY YH3gvm
NOILJINDS30 anw-l LHOTY yaLlvm :
W3LSAS LHOIN MZ1va tzrse1 TRI9L /20

S3IJUNOSIY IVHNLIVN 40 IN3WLHYd3g S2USYM 1¥0d5YH




SLBT~-50-u0 121t NG 1 9 09°0¢ <9 [ v ERN4 GeE0 S INTIS CO-1956€20-I- Of e
SL61-20-40 €IL1 D on*gy £ e ® v Rl Se0 S MnsSZz ' 00-251500~D— ace
RLAI-S0~90 DIFL 0G*1 2 002 az n V) 367 SL0 4 TO-SHARTI 0—D- TH
LL/T~-11-50 SOCT . 9 00°0g or L 3cz SLO € MGxS 99-9GLZ210~-D~ acy
CLBI~-L7-60 $SOT 9 00~SI! 0s M v i SL0 0 MuIN 07-a%9¢00~-d— acth
JER1-G0-11 1501 L ¥ agz SLQ < MN QO~LETIEO=1~ (X ¢
GL6ET-90-10 60vL S 00°0% L m v> 37z S0 9z 00-75%n 12
9LEI-10~11 HEQT 00°01 M ¥D 32z SLO ¥ 3% 3§ 00-DZ0080D—1— QC o
I8S51-gr~11 SI01 ov- gy 9 00°0S Ld YD Ize SL0 sZ i 0C-210K€ 0-2~ Crfy
0R6{~£2-90 Bogl 0G*1 9 00*% ] »ovD 327 see c2 Isanmg 00-222220-7— 0arn
€L61~12-90 G001 2 00*g2 .9 ) vD 3Izz SiLo Sl INEN D0~SE10090~D~ af e
0861-21-60 92ui 00*g S 00°66 6G M wD 322 SL0 vy MNFAAN . 00~-1%2520-"— (re
1861—C(~01 2151 o%*2 9 00°St ol LS ¥D 322 SL0 L | MNISMS 00~9CNLE 0=~ GF v
I1861~-22-40 off€l ra<2 9 C0*GE 491 M ¥ 322 S40 [ § MNIS AD=LLA0-D~ O b
3L61-20-80 T€11 9 00°g ® o vd 1z2 SL0 1 MNIN 00-AGIQC 0~ (-~ GFh
61-20-20 OF1l1 o1 9 O~ M kAo 322 sL0 4 MNIN 00-9GI900—4~ Q&
Hl-11-20 Covwi 9 0¢*g M VD 3zz CLO ¥ MMIN 00~-Ct6G609-3- Aarn
31-10-40 1000 o0~1 92 00°*¢F q ¥D kR 4 "L e MSISMN N =2LZ2ICD-M— OCH
SI-10-G0 1290 PR { 9 Qn-¢ a vD It SL0 <e MSMNIN NO0—-1271CT)-w~ g
261-02-90 1000 2. 9 00°s a v>d 2z SLD €€ : 00-L821CO-%~ Cry
7961-10~-10 (000 [eLs R P2 9 002 L) v anz SL0 G2 LA A R D0~H6TICO—n~ A
0R5(~-L2~F0 6211 192 9 000y 221 " vD 312 Sen St ANRS 3G 00~210L20=-D=~ Nnro
*9Q1~20~2C 0000 0G*1 a 001 a vd 31z SL0 Gl MNSNMN 00-GhERG T—M= (4
FLAI~-TTI~-01 9680 2 00°01 28 M v 31z SN Q TNMS D0 -092000~-~ QFr s
I861—-60—2t AFTI11 JQ*E 9 0G°*2 a v EARd SLD L SNIS 00-9CGSIE N~-I— Ty
6L61-62-11 HICT co ¢ 9 00°g S02 " v EX ¥4 s ” INT T ' ' M0—LGS+GT 0~ Cfp
LI161-710~-21 1000 Zre Q 00°*S a vD aog SLO SE ISTE M . ' O —167IF0—w— o84
Ef6a1-50—-90 1000 I 2 00+*¢ Q v Z07 SLC s ITMSRS NO-2RZUCO~Me T &
I961—-£2-01 5201 -1 104 9 00*02 m v 302 SLD 43 INININMN 00—~SLZ24C 0D~ OCw
186 1~60~90 vELY (At D 000w ec L4 ¥D 302 [ vE TERNNAS 9 OC~LH0rC 0-D= Qb
{B61-20~60 GikO . NG 1 9 0001 a YD 302 SL0 vE BNMANAS 00—2CLGED— D e
YZ61-10-60 0080 GL* 00°2 D 00*0¢g a vD 202 S20 vE MSSNAS CO=IBLEC 0—M= OF
2L61-51-60 0021 oS * 002 9 Qg0°*s? a vD 302 S0 re MGSINMS O0-+K1270-m~ OF
JO61—-00-~0C 0000 [e AR 062 © 00°*0¢ qa %D 302 L0 vE MSINMS OD—IRLLZ0=M (v
"C&T-00-00 0000 0N*"09ve D 00006 a YD anz SLo 4N MNARS 3G 0-Q2r0f (~-M~ OCe
(R6E1-20-60 9611 AG 1 9 00°*G2 HE Ld v A0 S0 (4 MG MN TS ND0-A0¢ GEO-D~ Oy
L181~00~-00 2000 AR S LR | 9 00°01 a ko] 302 SLn ve MNMN IS ON-AGCLARZ 0~ M— 0 «
161(-00~00 0000 gg GL*1 9 00"S a v 202 S40 ve MuMSAN 0D-IGTHEZ70~x— Qfy
86 1-82~10 0000 LA 001 9 0001 a hfn] a0z SL9 L4 MNSSMN 101 700 00-902020-m~ Qcn
Lol—-v0-11 w211 9061 9 00°09 2 L] vD 302 SLO ve ASANIN - CO-221091Q-D— Q¢
196T~g2z-0Q Sawl a6 = gz2°¢ J 890° Q ¥o 3oz SL0 L4 MANAS veo0 400 00 ~09¢II(-M~ 5 b
GHI-82-90 G2Znt g~ Q2 J 80"~ a v EL T4 SL0O LAY PNAS 689 200 Q0~BSevIT -2~ (iCe
1000—~00~00 0000 Q0°*¢ T0~0t 9 00*001 [ . e 302 SLO vE 3ISMN 09-822700-4— GEtb
I51-92-50 " 0000 00°0Gv* 1 9 00°006 ~ v 302 SL0 (4N ~90 £00 CO-OCLGHO—p~ Qf ¢
26 I-10~-S0 0GG1 g 0G=y 9 00062 g v> 302 SLn vE #10 - 00-1922C0—M~ Qcw
E6TI-10~90 0000 2 04 090~f 9 03-0¢ qQ ¥D 502 L0 ve v 110 CC~D0CHETD-Mm Ty
/81-00-00 0000 £E" AS A D g g vD 302 SLO oE 812 00-917¢20-¥— Qre
E61-L1-90 0000 02 0C*g PR T4 a vD 302 SL0 YT ¢ £60 110 00-£10900~r~ are
L6I-0Z-90 OGIT 9G*1 O 00°*Gt 09 * v 02 SL0 £E MSACMS 00-6LvE10-2~ Qce
96 1—-v1~20 0000 [s Rl § 00"y 9 00°s1 m vD 302 SL0 €e MSZ G 02—Z2S60 0~~~ af &
LO6T-T1-240 »T11 0C°*g D 00°*S 09 L) v 3902 Si0 £ MNMN 00-ISSEZ0-3~ QF e
Fivd ALIBOING S 3YIVY INTI0A EFS 2-| H1d0 Q ALND 3INY oML N1Ds NLIDS dioO agns Mg 107 H3GRNN
LI MR IHO 1Y HILvm

° * * * NOIS¥RAIGQ 40 AINIOd = = o o

ONTILSIT NOTLJI¥D2S3a anvyS LHOIN ¥Jivm
H31SAS AHOIY ¥Igym t2rs01 SRAU/LO
6 39vd NOTLYAHISNGD 9 $324¥N0S3Y IvaNivN 40 LN3WidVd3Q STYUSHM LYOLTFY

}

=



Z961~0€—-%0 0STL Qa=o D 000K 'S M YD 302 SRD 6 ENENIS ’ TO-ET0L9¢0~-D~ Qf v
0LBTI~Z1-90 0000 0Qe¢ D 00°5¢ L Se] 02 S0 6 BENZGEN 00-1HY%G00~-K~ (FH
BLHEL-22~1F »IT1 . 06"y 9 00°*g MoYD 302 s80 6 RSMNMN 37801 2t QC—-AZEG20-D= Qs
CA5I-GI-00 000D 00=*1 Q2 4 v EX b SRO 6 MNAS 3N 00-125900~M~ Ao
Ig6i-g2~-nt 2oo1 a5 1 9 0052 ~ 2 20 <KD [) MINKS IN 00-6204€0-)— afw
CROEE—-H0-20 SHIT 0s*1 93 00°g L ¥ 02 S89 5 BENZN dvmMo g S-3 0%-8C9I20~-d— QT &
0000~00~-00 0000 00*v 9 00°0f¢ » v 302 S9Q0 6 MSREN Lk | CO-0L20210~-4— ¢y
PLOET~w0-11 4EGI 7 01 (%74 L vD 207 S89 6 MG HN 00—-B1T1v00~-H- Q€Y
0BARI~-L0-40 0O0ET e 9 00°*9 Svt M o¥d - 302 SR80 6 LELEY 00-24"QZ0-2~ QcCr
€461-£2-01 Q101 5 00°*21 ozl M WD anz S80 5 MSMN : 00-1L2000-2- Q€+
ZPREI-/1-¥0 6291 oG~ g 9 D0*g »  vD 502 SRO 6 00-Teg5t0-2~ GOy
EB6I-0E~H0 Qb 0G"1 9 Q0 of 6¢ M ¥D 202 S80 % 30T €y 00-LRQZC0-I- dT v
LL61-L2~50 €261 D 00°21 Sy m o vD 307 S0 & TO~93ICI 0—D~ CEn
SLHT1-/Z2-H0 GcgI 9 00°02 291 Mnowd) Inz SRO Qo MGms 00-£5G900-2~ qacy
0861~CO0~£ D <G oG*1 92 00°g a Vo 307 TR0 9 MNMN QC-6S2P20-D~ are
2961~-Gl-20 0€ZY ¢t D 0067 62 L} vD 202 89 < LSMNI3S LIl ¢ 00-961320-2~ ALy
PLOET-0E9F0 05¢CT 9 002! 06 L v2 302 <80 S MSMN IS CO-rEER00-D— OFy
0&9-!%%“- S0¢€1 9 0091 06 " vo 20z SRN < LT WY 1] 00 -G9%I10-2— Qry
PLET~-Z21-80 %2G1 2 00°01 961 M vD 302 sSen S MMM SIN 00-10£EN0~0~ Qr e
WWGI-91-2C £ST11 [AR SR § 9 00*0F aE L) v 302 Seo S ngmN . 00-60L210~D2—- oOry
AB61=-12-60 ¢g21 0s* ¢t D 00*01 o€ L v 302 SRN A4 ANKS MG 00-€LRGI 0=D~ OF w»
SHAT~21-10 SIO1 LA ¢ 2 09 02 att L] v F0¢ S| 14 MNENTS 41101 1 e OG0—7€9060-D~ QAT w
IR6I~20-10 %170 [t AR { 9 00°01 a6 LS v 207 sS]0 14 MNMS AN A1 LDV i 9 CO—-E2TIR0~D~ Cfy
098 1~C2-60 ST11 ac . D 0002 6L » vD 302 S80 A4 MNINMN d1107 1 re N0-0€2A620~)=~ GCH
SLOGI-L1-L0 S¥0T  00°9 Renl S 00°05 22 L 2} 302 S70 [ ANKS 00-FCICEZ0—-D- Qo
IR61-61-10 92760 0SS 1 9 090+gZ 001 LI ] 502 S99 v LLeLY a1401 1 St 00=-6421C0-I)- Cf v
I861~-21~19 215800 0S*1 9 00°"G2 96 s vD 302 s8g & MNIN dIi0t b4 9 QO0-ISIIEC—D~- Oy
LR61~27-%0 vy £S* 1 9 o09*o0e M v¥> 302 S]0 L ANIN 0N~GG{CTN-D— CCt
3461-S2~11 £0OwvY 9 00*® st LI 307 SRO v 2N 00-6%6900-2~
3/61-91-C0 £S11 oG 1 92 0C*0=2 nat L ] angz SRC t d1L01 T €Y 00=»{IT70-3~ (Ore
tLAT-1E€~C€0 OT1T 9 00°01 G211 " ¥D 302 S8R0 v a41101 t LE 00-vCCZ10-D~ QO
PPHYT-10-20 19090 oQt 0¢c~2 9 000G " ¥ 0z S80 € BSENMN 00-QQ0EL0—M—- Oy
I961-1€—-10 0000 €2 0G| 2 00*at a D 202 S 80 z INIS RS Q0~-2EK 60 Q—p— CCo
1ISAI-S1-00 00AhT 00°000%0¢ 9 00°*¢ Q vD 307 <o 1 RN ISMS . D -4K3ET 0~M=— OCH
LEGT-10~20 0000 Q01 00 °*¢ 9 00°*¢ a v 302 sS89 1 LN ! D0—-1EC2VN—-p~ Qv
T61-GZ-%0 _00N0 G e 092 9 0¢*¢s1 Q kin)] 302 I8 I O0-CHBCTO0-M— OFwn
LAT-20-11 ocst 90021 S2 L) 361 Sad oK 3ININ3S Q0 =LTB6000—J= v
‘BAL-CI-50 $CO§ ® ¥D ELY1 S90 ot ANANES 00-0vIGY0-9- Ore ¥
FOI-TT—-10 GUI[¢ G2 D 00°*y LI g 3anty S80 T INMATMN 00~2601%0-D— Cfu i
f61~10-€0 »SG1 (1R ¢ 9 0007 » v =61 SR e NN BO—292260-D~- Cey
QC1—-I12~-21 611t 0S¢ 9 00°G2 M v 36T S99 Qe SNIN 20-I2v060-2~ Qarw
96 1-L2~-90 20€7 0G*1 9 00°0¢ N - 4 M Lge] 361 sac o ANIN H0401 A 00-106L20-D— Qfy
ho-lmwlhozoov— 9 00"0¢ 22 L v 361 $890 of ININ 00-09RI100—-2~ Qe
LAT-1T-01 64C1 261 < 00°*s? e M ¥D 361 Seo0 SE 35 24501 S Q0 -9RSGL0~-D~ Oore
L61-S0-01 G211 06°1 9 00°0g Ov [ A ] 361 S80 GE < 00~9Ce¢STI0—~D~ e
6 1~40~10 1Iw11l 06t D 00°2¢ 09 L e 3BT SRO vE MNIT IS CO-%12260-D~ Goy
L61-62-01 G2€1t IS~ I 9 00°G1 65 ] v 361 " osao vE MSESAN . GO0—~0926120-2~ afe
B6I—-12-240 GS1Y 0s*1 9 00°0v vy M vD 3st sSee o€ nSag ! 00-2£2820~D—~ acey
861~-91~2Q €£Q0 961 9 00*02 gy I v 351 S80 I SNKNAN HWYI01 € 00-99€ £ 0~2~ grey
L61-21~11 SOGT 9 00°*GH 201 LI 2’ 261 <80 2t MNIN QC-LLLEDC-D~ QOFe
Q6 1-80-10 £vg80 0s°1 9 00*9 Ly m v> 36l $80 2t INMN Kyl01 4 < 00-SELIL0-2- afe
ILVA ALINOING S3ydvy INNTI0A 3tvdy Hida T ALND 39 My NiD2S NLIDS 240D asns bl 107 HIGNNN
M ® * s e e e ¢ s = ZDmn.w“m--\r—Q 40 .FZNQQ ® & ® S 5 o o o e .PIQ—Q H3Lvm h
ONILSIT NOILJI¥DSIO ONvT LHOTY u3LvM &
WILSAS LHOIYH YSivm [ &-74-1] 28/9T/L0 ;

5 39vd QILVAY3ISNOD 3 S3>8Nn0S3d9 TYANLYN 40 LNINLYVYIIQ SZYSHA JyQJTY

[ .. . e e i o e

B S



196 \-g1~11 4201 0s*1 9 00¢¢g N ) 302 <94 9f  msweg . 00-SNERE 0~ Cr o
L4L61-21-¢0 S6ET 9 00°01 eg M v 302 SRO ot $SNS 00—0CLIYT0-Y=~ are
2961-92-30 aza0 e 302 s80 0F  mSss 00-+SL 150~ Are
2961~20-20 eoot 0s1 2 0o-g1 v 202 €g¢ 3¢ ms3N 00-201150-7— c¢ry
1861-%2-980 cdeoq 30 ~¢ 9 00*¢ m wD 302 S 80 (29 me3 002 49G£0-3~ agh
1861-0F-pq St coe¢ 9 00°9 M v) oz 580 oc RSIN 00-R2%TC 0-2~ afy
Za6l-gl-co 2260 [l { 2 0%z Mooy 302 S8R0 oc L2} 00~220E€H0-D- gfy
2861-70~20 0cwnt G- 9 0052 A wD 302 S80 og L) L4 00-900EY0~1~ arh
I861-AZ~21 Gy 05°*1 9 00*g 8t % vD 302 S8Q o L3 00-€26060-D— CTo
IB6I~€2~01 o0F1I1 0G=1 9 00*cf A v) 02 s8e (R M3 CO0-L222€0~D- ars m
Z8631-0E-v0 Srbo1 rie sy 9 08eg mooy> 302 60 os 00-£06960-D— gy
Z2861-Si—-v0 0091 oG 2 2 g noovd 30e s$80 o 09-€A0GH0-I— GOy
WEI~-81-B0 SHIT 061 9 005t Qv MowD 302 SQ0 . 92 MSKS 4 GO—-29661 0~D)— Cfe
ELEI—QI-20 zZycCl 0s1 2 005t ve - L] vd e Sec (k4 BNMN 00-0Far2o—1~ Qrv
9SHI~G1~-S0 QC00 oo*~1 9 00702 ' M YD 302 S 80 oz ANIN CO-EIZNI0-R~ OCy
1861-C1-01 Rory 0S-~1 D 009 L e 3072 sae 02z MNIN A AN 1 00~ 158C0-2~ Qcy
TAATI-GSO0~-TT 91zt 9 00°21 08 L 2] 302 €R0 ae mNZ3 00-226000-2~ ofy
LHI-BZ-HO Obi{ 2 0n°ot | L Vo 3nz SR80 oz BN 09-1€C9IN-~- CCTw
261-10-£L0 €000 Qe 0w D L9°91 M ov¥D Ela kg SQ0 - 51 JISSN CO~>1 701 0—m— GF v
{F6T—-20-60 0Ol 0oCc9 9 00°66 M v 302 Sg90 iR NIdot A0-9€LGT0~-1~ Gy
EL6—01-v0o rrv1 0S* 1 D 00°0v 19 L g 202 Sg0 L1 SMITMS 00—~SC6LT 0—D~ acy .
6L61-92-€0 Onl1 961 2 00*0¢ we M vD 302 S80 21 INMSIN 10401 =4 [+ D 00-~102770-2- qafe
$¥L61-12-£0 0121 2 0n*ot x4 LN o] oz Sa0 Ll INMGIN : 00~-259¥00~D~ Gfe
Z8O6I~L2-40 0v60 oC*1 2 00*GI M v oz SRO LU INMS 20do1 2 11 V0~-GIZ9550-2~ Ty
I861-81-90 9560 os*1 2 00°04 L v 02 Sq0 L1 ANRG 20401 4 3 00—-12T6n 0~ gcy
SL61-02~11 SI¢1 9 00*0l SE " vD 0z 390N Ll EL A 00-5216990-2- Gsw m
0861-02-90 Giwvl M ¥d 302 sao 21 m53% CA-5R&7PCO0-H- Qre
LOEI-10-60 OShi A 92 00°0T1 ] ¥ 30z SAD L1 LR 00—-1£1220-3- qcy
O086I-61-90 Sim0 [0 g 9 0001 ozt A VD Fne san 41 ERTL . . . 90-Z39r¢C 0= ace
8L61~20-90 L5010 NGt 9 0001 A YD e SHO 41 FNMN 20-KC4510~D— (aCn
9261-20-00 9501 0s*1 9 00~01 “ v 0z SR0 L7 INMN 10401 [ ¢ £1 CO~-QTLH10-2~ OCo
QLEI~%0-00 SoEt 2 00°0¢C €E LS e 302 590 21 INMN 00-C60690-3~ are
Av6l-10-21 0000 oG- [ 4 92 Qo*sI novD 30z seo Lt ASaON CO-S79Z01-M~ Qre
0R61-81-60 ST 6y os~1 9 ¢o*21t L2 M ¥D 202 S8eo Lt MG IN J0—-2HS520-7~ Ggry
SLHET~G0-v0 20T 9 00°*gz M VD 302 S80 21 M]ZEN 00~7L2220-1- Goe
LLHT=-21-80 gl oG ¢ D 0052 LN e 302 S84 Lt qQvmot 6 00-S90L1 0-n e
CI6t—-IE-21 1000 a0t 2 00°g g vD 20z S890 A SSINMS 00-9RZICO0~-2~ afy
951 -¥0~G0 1000 00*01 9 00-+0g L ¥ 307 SRO A ANLS AN 20-982 1L 0-M— are
CUIHI-IE-Z1 1Gon a0 9 00°¢ a v 3oz sa0 at MSINGEN 00-R921C 0—mw gy
0IK1~-1C-21 1000 01 D 00°g a vD 302 seo vl MSINMS . 00—SRZIT0~Mm~ Fh
Qis5l-1€~-21 1000 00*1 S 00°*s a vd J0e S]O vl RSMSIN ’ 00-C9ZKCo0~M~ ary
OI&I-1E-2Z1 1000 oce1 9 00+*g Q 2 302 S20 i SNANIN TO=0ATICI-M~ O e m
0lel~-1€-21 1009 001 9 00°g a vd 202 S]O v MNININ 00~-CAZIC0-M~ gow
0061-1€~21 1000 001 9 00°*g a vd 302 s90 €t CMSKNIN CO-6221C 0~ M~ (4128
0061-1€~21 1000 0o-1 2 00°*S g vd> 3nz 580 1 ASMNIN 00~-Gg21E0~m— Qg
1861-S0~G0 6l11¢ 99 92 00°0¢ LE moy) 30z 560 6 ANBSHS dYmo 1 13 00~-ATAZE0-I~ T o
6L61-L0-20 Gifl 0G 1 9 00 v ey M ¥) 20z S80 5 MNEGHS 37601 ” Sy 09-89L1Z9~0~ ac v
2RO1I-SI-¢0 SZui 0G*1 9 000G L] vD 302 sQQ 6 MNSSHS C0-926 65 0~0~ [¢158
S461-90~40 S| 051 2 0002 L2 L o 302 sg0 & ENZEMSG 00~+02910-3- Qare
0461-92~01 0009 o¢c~ 00*g 9 00*0¢ LI 4o 302 580 6 MNINMS . ! Q- 00-~SR2200-k~ Qry
L961-21-50 0000 Lt Eo I { 0oo*g 9 00°02 LI e oz $80 6 MNMS3S aoo 00-86201 0—m— Qs
3LVQ ALIY¥OING S3¥OY IWNT0A 3Lvy Hldag a ALND 394 dM L N13S Nids 8310 asn A8 107 HEAWNAN !
' LA B NOTISHIAIQ 30 ANIOD * ¢ » » « » A

AHOTY N3iva

ONILSIT NOTLLTIYDS3Q anvD) LHO T H34wm ! *
W3LSAS o1y HILvM - 12791 c8/s91l/L0 m
46 3Iovd NOILVA¥3SNDD 9 S3IAJANOSIY  IvanLyn 40 AIN3WLlNVdIQg : SCYSHM L HOdZY

Sy——c




HLAT-0E-10 oCCl IR L 2 Elt S690 6 ISISMN 00-1H531Z20-H~ QC¥
L6ERT~00-209 0000 002 9 00°0¢% a ¥n 3Ize S60 Q INgs 00-667200~-a— Qo o
0061-0C~00 0000 CE*vl 9 00°sr1 a w2 322 S60 a3 MGION 00~169G7 1— N~ Qs e
UAHI-£2~80 G+ 1 9 00°c 2% L] vD Ize S60 2 00~-0LZ600-D- QOr e
QI61~00-00 0000 0G*1 9 00°S1 a v vz S60 Le 2838 3S 02-b2C0) Y~4~ QOre
Y98 1-20-20 Qong [oR -4 9 00°¢ a vd el ¥/ 560 1z RSHS RN 00-FvEROT~M= X4 _
916{~-00-00 0000 00"1 9 00°*2 a v¥D Itz S60 L1 FEINMN ON~LyEBOT-M— Cow
8S61—-10-90 0000 262 9 00°g a vd gz 560 [+ ¢ RSEINMS 00—-10IZL i~»~ QFe
9161-00~00 00CO oLt 9 002 a v 31z sS60 St ANISNMS D0-H¥CQR0 I—#~ QAT Y
Q@K I~-0E—-TT npQO 0G*01 2 00°00S ¢ a v 267 sS|e 1. 35383S 00 €9 N—Mw dfe
C96I-GI~10 9N0CI 0501 9 00°0¢ a vd 3R S8O F) INMN OO=vbOYHQ—M— aC
LHT1-66-10 ZGyy 0c*( 9 00*02 M vD 62 S82 LT 3IS=e g 0O0-SLRAIO~D—~ NEYH
TLOI-11-£0 Tyol  Q0°190°1 QO*Giisp D 00+020¢4% r o wd 3G2 58Q 9 ISMS MG 00~-ZLLYT O~ NEWY
SHI—91~-60 0000 OG- 0G-1( D 00°221*1 a vd> 3672 TR0 9 3NMS 3N 00 -G6572 [~k~ NCb
S5R1-91~60 00CO0  00°06 00802 9 00°221*1 a v 152 SeQ 9 INMTAN CD—16hZZ [—M- NEY
OFAI-1£-20 1009 ao*@ D 00°22141 q v> a6z S80 9 INAS IN Q0~LIr7Z I~~~ NE
696 1-10-10 0900 12+t 9 00°*Z a w2 ELTd Se0 9F INMNIN 00~2T0TI0-M— GOy
0Z51~40-£0 00"0 nntg 9 0001 a vd 3r2 SRO 1€ MNMN RN 00-272020-8~ OcCy
6I61~02~50 0000 [eXog-] 9 00°*g a v) 3¢z SEo 6 MTRS N CO=BI2020—M~ b
OC6T-ST—-90 0000 teeg 9 00°S a v> 3¢z S80 of INZE IS . 00-2€Q0NLQ—i~ QFy
S»61~-10-60 1000 00*01 9 00°01 m vd 322 S60 e MSISMN CO=-SLZICO=%— gy
SH61-10-20 1000 0001 9 00°01 a wd 322 590 62 IAINISMN 09~ZQ2I50—v— Ofy
2851~20-20 02cl oG-1 9 00°ge LI 2o} Ize SRO Lz INIGMN 00-6/50T%0-2~ Ty
£051-01—-20 0000 O00°0Rf 20°009 D Gz a v Ige SHI afg MNMNIS QD= ¥Z27020-p~ Q7w
0000-00~00 0000 9 0002 M v) 37 SRO St 3NIN TA=C2Z2LVI 01— OCH
SL61-11-90 ascl N0*0St 2 22" LAt LI e 37z s90 (3 SNIN 00-13°G00~d~ Cr#e
vL61-920-80 6211 . @ 00°s1 |8z » vD 2z s80 St ININ 00-IvZE00~D~ CFre
tLAT-€2-G0 BTIT 061 9 00°02Z =1-] M v 2T SHO 3 ¢ 3NIN 20-03RTO0~I— ary
LEST~{0-9Q 0000 00*2 9 00°gG1 8 v) 32z S80 St t Tt 00-0LU700~Mw G
LL61-22-90 Q{11 M ¥D 322 SRO tt ISMNTG 00—5032F1Jd~-1~ CCw
Qv61-10~10 1000 0G*1 9 00°*0t % wvD 322 SRS z CO-BL71C 0—m~ CCw
0251-92—t1 0000 an°g 9 00°*g a v> zz $80 L4 > i D0-621w20-p—- rce
LL51-21-60 SICI 00°*g 9 00°09 <3 moovD 372 <0 z ATIS3S CO-LGI[LO0-2— Co
N9P/1-Z1-C0_ 9T 11 (oA D.90902G2 i M v 122 ok ¢) 2 LINLEN ) Q 20122370V
ASHI-Y0—10 10CO 00°¢ 9 00*2 LEEZ) 312 SR [ LTI v 00-FL2170-¥~ Cfe
0561-10-50 1000 - 00eg 9 00°*% a vd 312 SAC sz RES 39 1 NN-0AZICD—%~ CCw
S¥61-10~50 1000 001 9 00*¢ a v atz Seo L2 RNSNSS CO—2LZIED~M~ GF b
0G61~10~10 1000 001 9 00*¢ a vd J12 sSen z ENANIN 00-182170~-M~ rCy _
0661-10-C0 1000 00"t 9 00°% a vd Iz €50 0z FFITNMS DO=92L7TC0-Mm— QT o
0661-10~S0 (000 00°1 9 00°¢ a vd Iz S 80 6t MNINITS . . QO0—5L7T1E0~M~ CT o
SPHI-10-S0 [0r0 204 9 002 m vD ER ¥:4 $80 Z1 ERE 00~0LZ1E0—¢~ GFy
AY61~-10-10 1000 00°*g 00 [ 9D Q0°0¢ » v qAT2 S0 £ INMSIN 0)-G¥2IC0-#~ QCo
0861-S1-20 v21t 051 9 00°Gt (3] LI ) 302 S0 Q€ RGININ CO0—-AFGI20-3~ Qce .
ORAE-LD-11 12¢1 oG=1 9 00°S1 %2 L A] Joz /N e AN 00=-6%20F0-I~ CECv
18A1-%0-60 2260 HEe 9 00°*g ot M VD n0e SEO (] MSESMS : 00-SRAGEO~DI- aCy
1861-K5Z~20 9211 oG* 9 00°*g1 m o wD 02 S8Q of KSRGMS . 00~FZAUT0-N~ ACH
QLEL-H0—11 GZE( S 90°0¢ g2 [ 2o 302 sS80 2€ MSMSMS ; QI-2G0NI10~-D~ Qfe
CH61~-L0~-50 0E6D 00°*v 9 00°0€ M V) 302 $90 cg #SISMS 2D=-2L0570-D~ QqEy
1861i~-12-21 0201 [eNondh ¢ 2 00°*y1 L vD 3072 S€9 ot MSINRS 00~£950%0-D~ QACH
CROI-21-10 Q10§ 00°*1 9 00°S LI 2} 302 S80 o MSINIS 10-769050~2~ QC Y |
2861l-v0-19 2ol as”1 9 00°02 M vD 302 Sa0 [e3 ASMS 00-IETOY0-D- Oy
FLYQ ALTHOING S3IYDv FWNNTI0A EFR 2.1 Hida a ALND 394 dMl NLDS NiDS 91D aans g 107 H3IawnN
LI NOISHIAIO 40 LNIOD * » = & + o o s & LHOTY d3ivm n

ONILSTIT NOILJINDSIQ ONV LHOIM ¥3avm
WILSAS LHOIY MHILwm 1279t 28,91 /20
86 39vd NOILVAMISNOD 9 SIAVUNOS 3y AVHALYN 40 LNSW1¥Mvd3g . S2HSUM L¥OgIY

L T T Tt



6.2.8 Replies of the Five Drilling Companies Answering the
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3
Roger Russell

President
sCORE *sMINERAL *SHALLOW OIL
DRILLING EXPLORATION & GAS WELLS

»DEEP WATER WELLS

October 21, 1982

Mr. Jim Bowlby

Kiewit Mining & Engineering Co.
P. 0. Box 3049

Sheridan, Wyoming 82801

Dear Mr. Bowlby:

We have not drilled any water wells in the area you
indicated on the map enclosed with your recent letter.
I am sorry I could not be of any assistance to you

at this time.

If I can be of any help to you or your company On any
of their future drilling projects, please feel free to
contact me.

I am enclosing a recent company brochure for your
information.

SincereW
/é}w

ger Russell
President

RR:1jh
Enclosure

701-324-2714 (24 HR. NO.) 406-248-1001 = :
BOX 184 524 N. 32nd e
HARVEY, ND. 58341 BILLINGS, MT 59101



Kiewit Mining & Engineering Co.
P.O. Box 3049
Sheridan, Wyoming 82801
(307) 672-3401

October 18, 1982

Kal-Well Service
209 6th Avenue
Laurel, MT 59044

Gentlemen:

My name is Jim Bowlby and I am a hydrologist working on a project for
the State of Montana's Department of State Lands. Montana has obtained
federal money to develop an engineering reclamation plan to reclaim old
abandoned surface and underground coal mines in the Red Lodge/Bearcreek,
Montana, area.

My portion of the project includes an inventory of existing water wells
in the area, defining the completion zone of these wells and water
quality sampling of wells impacted by post mining. I am soliciting your
help in an attempt to inventory existing wells in the area.

Without causing undue work for you or your Company, would it be possible
to plot any wells on the enclosed map which your Company has drilled and
please indicate if a well log is available? I realize that this might
be a difficult task but your help in this matter could help to protect
existing well owners and result in reclaiming this eyesore.

I have enclosed a self-addressed, stamped envelope to help you accom-

plish my request since the State has requested we complete our finventory
in early November. Any help you might provide would sincerely be ap-
preciated.

- Sincerely,

KIEWIT MINING & ENGINEERING CO. Lt

S o )
: g e \Z. HHOE ~
4 Vs - « \\/, N
Zi%ﬁ%v»’ )53244#16211%L~ Adezxvfuéﬁl** ' <Z§84997§;%2;;

im Bowlby
Hydrologist

JB:cyr fAzen . //d;yfé,if ) oty
Enclosures “ //%2 ?Vﬂ cb¢~ﬁ{ //fQ/éZQ




Kiewit Mining & Engineering Co.
P.O. Box 3049
Sheridan, Wyoming 82801
(307) 672-3401

October 18, 1982

Digger Drilling
3143 Prairije Drive
Billings, MT 59101

Gentlemen:

My name is Jim Bowlby and I am a hydrologist working on a project for
the State of Montana's Department of State Lands. Montana has obtained
federal money to develop an engineering reclamation plan to reclaim old
abandoned surface and underground coal mines in the Red Lodge/Bearcreek,
Montana, area.

My portion of the project includes an inventory of existing water wells
in the area, defining the completion zone of these wells and water
quality sampling of wells impacted by post mining. I am soliciting your
help in an attempt to inventory existing wells in the area.

Without causing undue work for you or your Company, would it be possible
to plot any wells on the enclosed map which your Company has drilled and
please indicate if a well log is available? I realize that this might
be a difficult task but your help in this matter could help to protect
existing well owners and result in reclaiming this eyesore.

I have enclosed a self-addressed, stamped envelope to help you accom-
plish my request since the State has requested we complete our inventory
in early November. Any help you might provide would sincerely be ap-
preciated,
Sincerely,

KIEWIT MINING & ENGINEERING CO.

Hydrologist

JB:cyr
Enclosures




FROM

SUNRISE DRILLING INC.
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6.2.9 Analytical Lab Results for all Sampling Sites

v - Raw Data -
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H »
PKS Mining District Sample IdentificationS;-‘c I %";ﬁf

Sheridan, Wyoming Sampling Time /0:.204n
Laboratory Report Location FPocle Crecel

" Water Analysis Sampling Date__ /019 /% o
To__ & Bm._;“mg Analysis Date__ 10 /2079 2

Date_ \\/a/8~2

...............

Acidity 0. O PP pH (Lab) &. 95
Alkalinity (as CaCO3)ed Vit SPEM SAR Q.2

Ammonium (as N) PPM Specific Conductance ‘/-2 Q— 7ﬂmhos
Boron PPM Total Dissolved Solids ) PPM
011 aqd Grease /ﬂ PPM Tétal Suspended Solids / é PPM
Ortho~Phosphate < 0.0 l PPM Turbidity(NTU) - 0. Q?g/

CATIONS meq/1 mg/1 ANIONS meq/1, mg/1

Calcium 039 Z &2 Bicarbonate (O, ‘/9 <D9.9

Magnesiom O, ] %  <2.0OZ Carbonate  O.¢0 Q.0

rotassion - Q.0Y £ £E  cnoriee  O./[ LSOO

Sodium o.10 2. 30 Flouride <O.0O/ O.09

Total 0. ?’Q Nitrate 0.0/ 0.29
Sulfate 0./ S 39
Total __O__Zﬁ__

i ek ol dedodeled s fediciek e ol dedeteded ek e et ek Sttt sttt et
Wnﬂﬁlﬁxnl\nnnﬁnlvnhriﬂKnﬁnf\AJ'SK(\dthKﬁuﬂxl\l\r\nﬁﬁ-\K)i?innﬂnuﬁr(nfvﬁl\isnﬂl(ﬁnﬂnﬁnnnxﬁﬁnnﬁl{nl\ﬁxw

mg/1 Total Dissolved mg/1 Total Dissolved
Aluminum O. 3 <O. ! Manganese <¢,0 .. <o.02
Arsenic : Mercury <o0.00| <O.00 |
Barium Mc;lybdenum ‘ ‘

Cadmium C.00.20 <0.002 yickel

Chromivm  <O.02 <0O.02 Selenium <0.002 <O.00 )

Copper 0.03 <20.0| Vanadium o.l  <o.l
- Tron 0.9/ O. /2 zin 0.0 <0.00

Lead 0.07  <o.05




PKS Mining District Sample Identification S\‘ ‘!'t; :ﬁ‘_;;

Sheridan, Wyoming Sampling Time ST 3o PN

Laboratory Report Location Pock € el
* Water Analysi Sampling Date 10/ §/e-2

To O e Vimll; : Analysis Date 0 2> /-2

; Date__ /3 /8D

................................................................................
xK?{KKdnﬂhnhnt(?{ﬂﬂﬂnno\h&anﬂnnnnn«tﬁnx«na AAAAAAAA AR RAARRTERTRTR RN v

Acidity Q.0 PPM PE (Lab) ?, 02

Alkalinity (as CaC03) 0. O reu SAR 0.0

Ammonium (as N) PP Specific Conductance ‘/‘7/. ? /mhos
Boron PPM Total Dissolved Solids PPM
011 an_d Grease < ' . O PPM Total Suspended Solids m?- 9, PPM
Ortho-Phosphate <OO , PPM Turbidity(NTU) O.Q—sg

CATTONS meq/1 mg/1 ANIONS meq/l mg/1

Calcium oYy £8&o Bicarbonate (3. 60 PL.C
Magnesim  O. o | oZ. 53 carbonate  O.O 0.0
Potassion Q.0 £ 63 chorie 0.0 .2.00
Sodium O./0 o, 3O Flouride <0.0l o0.02
Total 0. Z 7 Nitrate 0.0.2 G. 23

Sulfate ./l &3l
Total ) O- ??

...........................................................................
W?‘ﬂl"l‘?ﬂ‘l‘lil‘l\ﬁﬂnﬂ(‘?\nﬁhﬁﬂliN?‘ﬂKl\iFKﬂ'KﬁI\l\KI\ﬂl‘r\I“Bﬂl\Kﬂlﬁi‘ﬂ‘\ir?‘ﬁl\ﬂﬁﬂﬁﬁﬁi(hd\ﬂl\“oﬁl\7€tfﬁl\“«7‘dﬁ4‘d’7{7f

mg/l Total Dissolved mg/1 Total Dissolved

Aluminum O.Y <o.| Manganese (.0 Y O. 00
Arsenic ' ' Mereury . <€0O. 001 <O.00/

Barium Molybdenum

Cadmium < C.00.2 <0.002 ‘Nickel

Chromium <o. O..:Z <O . O _2 Selenium <O. OO.Z < O- 00.2
Copper <0.0! <0.01 Vanadium <o. | <O. /
Iron O ?\3 O /? Zinc 003 <OO.2

Lead 0.0  o0.0(




PKS Mining District

-
Sample Identification S."!‘C 3

Sheridan, Wyoming Sampling Time 2 YY PA
Laboratory Report Location Moek Creeli
' Water Analysi Sampling Date (OS5

To \T Ly ﬁggw ‘Lz) 4 Analysis Date O/ 20/

Date__ \\/R{& 2D

*;**};************H***M*********k7'(4'\4":\'7'\'421""x?'ir't?‘ﬁc’(?’f;sa'(."k?‘(e'\l'il‘i-'t;v::skt'v;\;\*kl";\%:(k;(l";\Alk;\;\?"’;v*

Acidity O. 0 PPM pH (Lab) ? oy

Alkalinity (as CaC03} 3.2 Oppu SAR OJ

Ammonium (as N) PPM Specific Conductance /9. & _pmhos

Boron PPM Totél Dissolved Solids PPM

011 and Grease /. & pRM Total Suspended Solids od- O  ppy

Ortho-Phosphate Q. 0O/  ppy Turbidity (NTU) 0. &2

CATIONS meq/1 | ng/1 ANIONS meq/l mg/1

Calcium O YE 242 icasonae 0. 66 Y0.3

Magnesium .. 99 (.83 Carbonate O. O 0.0

Potassium O 0 “/ _/ 6 L/ Chloride C. // (/ 00

Sodium o/ 28 3 Flouride <0.0l 0.0%

Total 4. 202 Nitrate 0. O /. 0Y
Sulfate . 0. /ez \5-. 93
Total Q EZ

mg/1 Total Dissolved mg/1 Total Dissolved

Aluminun O, Y Ood  hanganese 0.0 <0.0.2

Arsenic Mercury <0.00| <0.CO ’

Barium Molybdenum

Cadnium <0.00.0 <0.002 yickel

Chromium O.0Y <0.0J0 Selenium <0.002 <0.00.2

copper 0.0 <0.0!  vaaitwm <O.1 <o.]

Iron O‘-/C O /é Zinc | OOQ <OO:Z

Lead 0./0 O. 0 ?



w2l
PKS Mining District Sample Identification &SN,' ';Lc "*‘7/

Sheridan, Wyoming Sampling Time

Laboratory Report Location Se ore b ng@r
" Water Analysis Sampling Date 1Q/I1 /32

To Qo ﬁ“lL/L Analysis Date 10/2 (/82

Date__ ([/2 &2

--------------

Acidity Q. O PPM pH (Lab) Vi 7
Alkalinity (as CaCOaW . DY pru SAR ' . ;Z
Ammonium (as N) PPy Specific Conductance & §C) gahog
Boron PPM Total Dissolved Solids PPM
01l and Grease_ < [. () pem Total Suspended solids &/, & pmy
Ortho-Phosphate <. O/ ppx Turbidity (NTU) 2. ;7
CATIONS meq/1 mg/1 QI_IO_N_g_ ' meq/L mg/1
Caleium 273 EES  icaronate ¢ /& IS
Magnesitm A0 24.5 Carbonate O.0 0.0
potassiom D, /2 S &S chioride 0.20 Z 00
Sodium Y30 9879 Flouride 0.0] 0.27
Total 7. SS " Nitrate 0.0 0. 89
Sulfate -2 9/ VAL,
Total v
mg/l  Total Dissolved  mg/l  Total Dissolved
Muninm O, ¢/ o. ) Manganese (). O 3.0V
Arsenic Mercury  <O.00! <o.p0/
' Barium Molybdenum

Cadnium €0.00.2 <O0.009 Nickel
Chromium <0.0.2 <0O.0 0 Selenium <O. 002 <0.00 2

Copper @OO’ O 'O( Vanadium <O. | <O. ’
Iron O.9% _O.JZ 2 0.05 <0.02
Lead o Il 0.09




PKS Mining pistrict
Sheridan, Wyoming
Laboratory Report

Sample Identification & .1[{"_ &(‘;’

Sampling Time
Location ({ea Cor o b

" Water Analysi Sampling Date 10/19 782

To__ Voa &N[L)/ Analysis Date 10/ 21 52

Date \| /3 /82

Acidity O. O PPM PR (Lab) ? 29'

Alkalinity (as CaC03) /¢ /o PPM SAR /.

Ammoniun (as N) PPM Specific Conductance S mhos

Boron PPM Total Dissolved Solids PPM

011 and crease_ < |. O ppy Total Suspended Solids_ Go. ()  pmy

Ortho-phosphate <O.0 [  ppy Turbidity (NTU) G S

CATIONS meq/1 mg/1 ANIONS meq/1 mg/1

Calcium / 2 22 § 3 L/, kS* Bicarbonate 3\?«2 oQCLS

Magnesium /' O .‘2 _/e.? L7/ Carbonate O. 0O O O

Potassium O, // ('/ 3-2 Chloride O. // Y. OO

S0 Jium /.20 2% ( Flouride 0.0/ o.1%

Total Y.08 Nitrate o002 /IR
Sulfate 0.¢O o8¢
Total Y. 06

ok dedcledricdickedoled feetoliere o el deod dekdede el Sede et desedededese sk ettt sttt s o
N RNARRRRTCRRRRRkY)% Kﬂ'ni‘ﬂ4\1(KnnnJSKKKKKKdnnnﬂxndnwnxa&?‘(nnﬁ?( AR A ANTIHEKARRTARNT R RRICRKdofeoiek bk

mg/l  Total Dissolved
Aluminum 0. ¢ <G6. |
Arsenic
Barium
Cadmium <6.60.2 <£0.002
Chromivm  €0.0.2 <0.02
Copper C.01 0.0
Iron . /,S? O.Y6
Lead <0.03 <8.05

L

mg/1 Total Dissolved
Manganese <O,0.2 <8.0 2
Mercury <0.001 <o.00/
Molybdenum
Nickel
Selenium O.00X ©.0c2
Vanadium <o. | <o,/

0.03 <Ko0.02

Zinc




)

FKS Mining District Sample Identification Q)Vy";‘c,ﬂé

Sheridan, Wyoming Sampling Time N
Laboratory Report Location [Raae € el
. Water Analysis Sampling Date 10/15 /7 &2
To Gaba Gcm”_)/ Analysis Date 102 /2
/
Date__ j1/2/e2

Acidity O.0 PPM pH (Lab) .20
Alkalinity (as CaC03 }g 2;2 PFM SAR \? \?

Ammonium (as N) PPM Specific Conductance ﬁ;o Q— /ymhos
Boron PPM Total Dissolved Solids PPM
01l and Grease < |, Q PPM Total Suspended Solids . O PPM
Ortho-Phosphate <G~O, PPM Turbidity(NTU) \ST L,/

CATIONS meq/1 mg/1 ANTIONS : meq/L mg/1

Calcium QS? GV 3 ‘Bicarbonate \S,g 2 ¢ S\S—g;
Magnesium 2 Y L/ 59? ? Carbonate O.Q O. O

Potassium O. / 2 !:5,2 =3 Chloride ﬁ, /32 _é OO

Sodium S,.DO _/o? C) Flouride Q. O/ O, o? 5/
Total Z 0. gS -Z Nitrate 0. 0_2 O. 9\3

Sulfate 2. VZ él\_ S

......................

mg/1 Total Dissolved ' mg/l Total Dissolved
Aluminum .5 O. 2 Manganese 0.03 <0.02
Arsenic Mercury O.001 <0.00/
Barium Mc;lybdenum
Cadmium <G.00.) <0.002 ‘Nickel
Chromium <0.0. <0.0 2 Selenium 0.003 <0.002
Copper 0.0 <0.0] Vanadium <o. | <0. ]

Iron Ogé O 6\? Zinc O.03 < O. (LL

Lead 0.08 <0.05




- - &'
PKS Mining District Sample Identification S\ -;Lc, ?
Sheridan, Wyoming Sampling Tiue

A
. Laboratory Report Location Vicdi e Gooa el
Water Analysi Sampling Date [O/RC / T
To__ it Gow[&LJ Analysis Date (07971 /2
7 .

I pate_i727%3

-------------------------

.......................................................
Y

Acidity O. O PPM  pH (Lab) Y00
Alkalinity (as CaC03)< S¢S JPEM SAR ‘ /. ?

Ammonium (as N) PPM Specific Conductance 6020 Levhos
, v 7
Boron PPM Total Dissolved Solids PPM
0il and Grease < ‘ O PPM Total Suspended Solids L/ 9 PPM
Ortho=-Phosphate O. O/ PPM - Turbidity (TU) ' ﬁ?k/ O C
CATTIONS mg/1 ANTONS meq/1 mg/1

meq/1
Calcium 3( 2( (g 2‘ (Z Bicarbonate ( é (/ "/05—
Maghesium b’) é! S sié .2 Carbonate O. O 0. O

Potassium O, / \ S, E 2 Chloride O. /('/ SOO
Sodium iOG __é_? 0 Flouride 0. 0\3 O,S:{}i

Total z /(; | Nitrate = /3,00 /. ‘-/?
Sulfate _?7\?4 J/‘?

mg/1 Total Dissolved mg/1 Total Dissolved
Aluminum a. & <06,/ Menganese <X0.02 <0.02
Arsenic Mercury « <O.CO [ <0.00/
Barium Molybdenun
Cadmium <6.00.2 _<O0.00 2 wickel
Chromium <0.0.2 <O8.00 2  selenium C.003 G.00.°2
Copper 0.02 0.0/ Vanadium <o, | <O.])

Iron C{.S? 0, /3 Zinc ao& . <0.0_2
lead (0,0S SO.OQ\-

......




PKS Mining District Sample Ydentification &‘ ;Le_-, #[{)

Sheridan, Wyoming Sampling Time A
Laboratory Report Location \ et rnn NN
-+ * Water Analysi Sampling Date /[0/19 /82
To Qj;M sgm!L;/ Analysis Date 10/ 21 /52
7

) Date_ |1/R]p =

-----------------------------------------
<

......................................

Acidity O, O PPM pH (Lab) 9. 0 ;

Alkalinity (as Cacos)c 33§ pru SAR /. ’Z

Ammonium (as N) PPM Specific Conductance /j, O;O7éxmhos
Boron ' PPM Total Dissolved Solids PPM
011 and Grease '< { O PPM - Total Suspended Solids 6 O PPM
Ortho~Phosphate <0.0 / PPM Turbidity (NTU) \S-;\“:-

CATIONS meq/l mg/1 ANTIONS ' meq/l mg/1

Calcium | \5: SS; S Z / ( Bicarbonate G ;ZC : (//_2
Magnesium ___S(( ;Z ‘—/ é 2 8' Carbonate O. O O O

Potassium OQ_?J E Jé Chloride O. / ‘/ _5,- OO
Sodium 710 2Y.3 Flouride .03 O.YY

Total /-5 éQ_ Nitrate O. Oé Z.g:é
Sulfate %. ZO 2 / 2
Total ) Z: S. (QQ—

Foh e vede e desde dodedede ke e Seste sheade shoskankesd stombenteafntonfeod o oo sbocdondo s ode skt a a5 1
K“fﬁﬂﬁl‘Kliﬂ(\ﬂliﬂ?‘t(?\AK“NN(FWX“KWT‘T"(‘KNKNKi\KKI\K(\I(l(l(?‘ﬁ?f?\'..df?\ﬁt\l\GKr‘KKI‘AIGKKtSK?(I‘KAﬂﬂl\KKﬁ-‘KKK

mg/1 Total Dissolved ’ mg/1 Total ‘DPissolved
Aluminum 0. L/ O, i Manganese 0.02 <0.0 2D
Arsenic ' Mercury o.C0 "[ O.00 3
Baxrium Mc;lybdenum

Cadnmium \¥'s) OO0 <. OO0 2 Nickel
Chromivm Q.04 <O.02  seleniuvm <0.002 <0.0039
Copper Q.03 o.0/ Vanadium <0. <O. ]

Iron O. \;‘, —2 Q»é? Zinc OOC <OO-2

lead 0.0§5 <o.08




PKS Mining District

Sample Identification S.’ -L c_#-i

Sheridan, Wyoming Sampling T4 . N

Laboratory Report Location 2JQ¢]¢ Crmwl,

Water Apalysi. Sampling Date t1./9 4

To_ A} Sva Sgﬂlgag Analysis Date  {} Al [ L

pate_ D /1782

Acidity 0.0 PPM pH (Lab) Z,Z, /A

Alkalinity (as CaCO‘R)S&()’PM SAR O. /

Ammonium (as N) PPM Specific Conductance &5_9- / Lmhos
/

Boron PPM Total Dissolved Solids ;O > 0 PPM

011 and Grease /. O PPM Total Suspended Solids V O PPM

Ortho=-Phosphate < Q Q L PPM

CATIONS meq/1 mg/1 ANTONS meq/1 mg/1
Calcium OQZ /3 ¢ Bicarbonate (), Zg; YL Y
Magnesion  O.ede?d oD & carbonate 0.0 0.6
Potassim  O.O3 /. /O  chloride 0.0Y S0 |
Sodium 0.0% (&Y Fourice 0.0/ 3. /5
Total [- 00 Nitrate O.0Y 92.3¢
Sulfate o./Y _ém;z.z
Total Q. b4 2 |
mg/L  Total Dissolved mg/l  Total Dissolved
Aluminum 0.9 O./ Manganese €. O3 <0.0.2
arsenic Mercury < 0.001 <0.00)
Barium Holybdenum
Cadmivm  <0.002 <0.00.2 yickel
Chromium <0.02 <0.02 Selenium 0.000 <0.002
copper 2001 <0.0  vanaatan <O, | <o. |
Tron O.SZ _0.0Z  zin 0.09  <0.09
Lead 008 <0.08 Silye, o.o0% o.ol




PKS Mining District Sample Tdentification : ;,' —L::_ #—2
Sheridan, Wyoming Sampling Tiue . s
Laboratory Report Location ﬁc ek Creal,

Water_Analysi © Sampling Date 11/ /52
To__ N\ S KSQ _u__)‘!L\‘ Analysis Date UW/12 /83

Déte 1 LI /5 2

................................................................................
WAK«KAKKKAKAdnKﬁKAK?\'A?FnKKJYKKKKﬂnnxﬁnAN#\K(\K nnnnn ARARNHXRAIRTATNTKHATRERCRITRTTR

Acidity O.0 PPM pH (Lab) 7'2 o ?

Alkalinity (as CaCO%}\SG.GPM SAR O. a?

Ammonium (as N) PPM Specific Conductance 6 ({. / -Jamhos
4

Boron PPM Total Dissolved Solids é/ Q PPM

0il and Grease ‘/ O PPM Total Suspended Solids o? 9’ PPM

Ortho=Phosphate <O Ol PPM Turbidity(NTU) O ‘7/ 3

-------------------------

CATIONS meq/1 mg/1 ANIONS meq/l mg/1

Calcium O0.8Y /0.8  sicavonate O. %D Y37
Magresivm O, o [ 2. 8 carbonate . O 0.0
potassim 3. O/ O. 830 cutoriee 6.0 ! <6.50
sodtm O, /0 230  prouride 0.0 O.
Total 0. 86 Nitrate OO"/ Y

Sulfate Oo , cg 55 162
Total _O__gvi

...............................................................................
WKKKAKKKKAAAKKK?\ﬂ«nnl\l\t\?\'ﬁﬂ'ﬁ“‘ﬁ'a?‘ik?(ﬂnAﬁhwﬁﬁﬁnttﬁxnnna(?\'ﬁnﬁﬁﬁnﬁi\'nnﬂi\NKKKK?(’K?TA«A:\KK?QKK

mg/1 Total Dissolved mg/1 Total Dissolved
Aluminum /. O <O . , Manganese <0 .C).Q < O0.02
Arsenic : Mercury <0.00| <0.00]
Barium _ ' Mc;lybdenum

-Cadmium < .OO-? <0, 0.2 Nickel
Chromium <0.02 <06.02 Selenium <O.000 <O.002
Copper <0 O [ <O O , Vanadium < O. ’ < O. /

Iron O.852 0.10 i O0.0Z <0.02
Lead O./70 O.06 Silver ©.03 <o0.0)




)

PKS Mining District
Sheridan, Wyoming
Laboratory Report

Water_AnalysE' ] !
To \5 l:AA.
Date__ 1.9 IR J§&.2

....................

Sample Identification S ,’-Lc;__ #3

- Sampling Time . N A

Location { v
Sampling Date i i gt )

Analysis Date UW/12/7582

Acidity Q.0 PPM

Alkalinity (as Cac03) ¥0OD.()PFu

Ammonium (as N) PPM

Boron PPM

011l and Grease < /' O PPM

Ortho=Phosphate < 0 . O , PPM

PR (Lab) ?n (/-2
SR O D

Specific Conductance ék?. (/ fmhos

s
Total Dissolved Solids ?c:-?.o_ PPM

Total Suspended Solids &O PPM

o0.85Y

Turbidity (NTU)
CATIONS meq/1 mg/1 ANIONS meq/1 mg/1
Calcium Q. ?;Z (5. Y Bicarbonate (. & O Y& 'S
Megnesim O, 2Y D92 Carbonate 0.0 Q.0
potasstom . ©.0 | O.FO  chioree  O.06 200
Sodium O /2 D2L e ol - orS

Total /. Z Lz Nitrate Q._QQ O. 9 9
Sulfate O.2¢C £2.3

Total ‘ ZA, [_Q)

mg/1l Total Dissolved mg/1l Total Dissolved
Aluminum O, ‘-Z 6 ; Manganese <G.02 <0.0 2
Arsenic . Mercury O.000 <06.00|
Barium ‘ Mt;lybdenum

Cadmium <0 OO.Q <0.Co D Nickel
000 <0.02

Chromium

selenium  <0.002 <O.007
Copper <0.0l <o0.0] Vanadium <o, | <O. |
o _) Iron 0. :ZO O-Oi Zinc 0. Oé 0.0 “/
Lead 20.08 0.0 Silver ©.02 0.0]



PKS Mining District Sample Identification S, -’- [l + L/
Sheridan, Wyoming Sampling Time . )
Laboratory Report Location Seceteh Coole e

Watexr Analysis Sampling Date It/1o0/°2
To . SS\‘IQ’.! QSD!E!lle ~ Analysis Date /(2 /82

) bate__ 1D /IR B L

o ke e AR Yo s oo ok shonts sheske s Ve dhinks st o afe slasdonboud ot atoabs abaate sbestrake sdondsatoateats aloakafont sl cbosbosdote ot 2oty L

Acidity O. 0 PPM PE (Lab) 7 9%'

Alkalinity (as cac0a) 32 O)peu SAR | 2. N

Ammonium (as N) PPM Specific Conductance éo / /mhos
Boron PPM Total Dissolved Solids SL/L/ PPM
OilAand Grease < l O PPM Total Suspended Solids 8- C PPM
Ortho=-Phosphate <06.0 ] PPM Turbidity (NTU) /. 0 .

CATIONS meq/1 mg/1 ANIONS meq/1 mg/1

Calcium 279 sYSs Bicarbonate £, 20 ¢/ 3%
Magresion 22,5 Z 313 caonare 0.0 0.0
potasstun O, || £ D0 chioriee O, /Y ¢.00
Sodium YO0 P20  riouride 0.03 0.5 7
Total . YO Nitrate <0.0l <06.50
Sulfate D. 08 /O?

.'I‘otal ) 2 69

Feddlokdededoiofdededededodekvedofedededodedede oo dedededede de dededk et ot skmlesonfoatnte donte sfomtononosbanfonboaontonlske oottt el ot 5t 23
N rA3 iy

ARV RARNARAHTHTARACTRRICRRTRRICNRERFTeodedelekfk AR ETABRHBNEARTERXTREITRICREWRSRRR Rk fkiekkk

mg/1 Total Dissolved mg/1 . Total Dissolved
Aluminum J. \;— O (/ Manganese < O O.? < O.Q 2
Arsenic Mercury <O. ool <0.00 ,
Barium Mélybdenum

Cadmium <0.002 <0.002 Nickel

Chromium <0.0.2 <0.02 Selenium <O0.000 <0.002
Copper 0.0l <OOI Vanadium < 0. ( <O. ,
Iron ‘ A é O O /3 Zinc ) O _O.Q < 0.0Q

Lead <0.085 <0.05

,,;;i
i




" PKS Mining District

Sheridan, Wyoming
Laboratory Report

Sample Identification

S:‘!‘ < #Q-—
Sampling Time __ .

Location Beor C = e e

Water Analysi Sampling Date Ao/
To_ X 'un “) ’ L}, Analysis Date 12 /752
Date__ | A /I [ED

Acidity O.0 PPM PH (Lab) 7. YO
Alkalinity (as CaCOq) /& L/ PPM SAR /. O

Ammonium (as N)

PPM

Boron

PPM

01l and Grease < /. O

Ortho=-Phosphate <O. O '

..................

Specific Conductance Ql? L/ tmhos
/

Total Dissolved Solids eded) Y  poy

Total Suspended Solids OQO 8’ PPM

S

Turbidity (NTU)

...............................
AR TN RTH TR RTOR TR Tesede e

-------------------------------
X Yxhﬂﬂﬂﬂl(xl\ﬁﬂl\l(l\r\Kh?(l\KA.‘F‘KI\Kl‘l\l‘“ﬂh((l\KﬂKdiﬂK?(K

CATIONS meq/1 rg/1 ANIONS meq/1 mg/1
Caleium )&/ S 3 Bicarvonate (D 8~ 00
Megresin ) &8 /O ¥ camonate 0.0 6.6
potassiom . O 3.0  chloride O.0% =2.5d
S.dium LAG DL FZ T rowice 0.02 0. 52
Total 3. 2 =3 Nitrate GO 2. Z0
Sulfate 0.8 i V.2
Total 398
mg/l  Total Dissolved mg/l  Total Dissolved
Auminm O, Z <0. | Menganese <0.02 <p o2
Arsenic Mercury Q.002 <0.00]
Barium Molybdenum
Cadmium <0.00.9 <0.007 yickel
Chromium  TO.00 <0.0.2  selenivn  <0.00.9 <O. 00 2
Copper 0.3 O.0] Vanadium <G3.| <0O. |
Iron 0.%Y O.10  zin .08 <©.02
Lead <0.05 <o, 05




PKS Mining District
Sheridan, Wyoming
Laboratory Report

Water_Analysi
v

To

1111111

.........

Loatoalend

Sample Identification S..‘LC #é

Sampling Tine

Location G ccr (e al,
Sampling Date W10 /22
Analysis Date W2 /52

Acidity

Q.0

...........
tA3

PPM

Alkalinity (as Cacon)ed D Sorm

Ammonium (as N)

PPM

Boron

PPM

01l and Grease
Ortho=Phosphate '(G O /

44444444444

L

/. &

-----

----------------------

Al
G. // /mhos
Total Dissolved Selids \S_VL/ PPM

Total Suspended Solids k? é

2. </

Specific Conductance

PPM

Turbidity@TU)

...............

..........................
IR ITWJ\KKI‘IY"J(I\)((\KNI\lrt‘?\'l‘l\ﬂ)i‘ﬂﬂ.{ﬂl\“l\'lll\lS-‘ﬁﬂifhKﬁKW({K-m

CATIONS meq/1 “mg/1 ANTONS meq/1 mg/1
cateton DIV LS T srcamonste KoL (LY
Magnesium 07. /c} €. é Carbonate 0.0 0.0
potassiom O, /ol Y. &O citoride O./0 RSO
Sodium 320 7/ ? Flowride ~— 0O.02 ), Y/
Total 7. ZQ Nitrate 0.027 [ Y2
Sulfate 3.7 /&
Total 7286
mg/l  Total ~ Dissolved mg/l  Total Dissolved
Aluminm e (S o.5 Manganese O.0Y < 0O.02
Arsenic Mercry  <0.001 ©.00|
Barium Molybdenum |
Cadmium <0.0a2 <0.002 el
Chromiun € 0.02  <0.02  selenivn  <O. 0ol <G.002
Copper 0.0l <0.0/ yanadium
Iron /. Y0 o. 15 Zinc
Lead <0.05 <o.0 5



PKS Mining District Sample Identification R:Q-;—v GJ(,Q‘ dg&s«‘rf

Sheridan, Wyoming © Sampling Time
Laboratory Report Location
Waterfgalys‘ [ Sampling Date U2/
" To tmlﬁmud Analysis Date /712 /&7
- - 4
) Date_ |2 1R/ &Y.

Acidity O.0  ppy PH (Lab) %.00
Alkalinity (as CaCOq) /}.?V@ﬂu SAR : G

- Ammonium (as N) PPM Specific Conductanceo?; 94 O /,a:nhos
Boron PPM Total Dissolved Solidsﬁ, k? é O PPM
011 and Grease < /:O PIM Total Suspended Solids :;988" PPM
Ortho=-Phosphate o. OL/ _PPM Turbidity(NTU) /&

CATIONS meq/L =g/l o ANIOﬁS meq/L © mg/l

Calcium 20% YL 2 Bicarbonate (FY, & % /3O
Magresiom e AN =22.8  cavonate 0.0 0.0
potassim 0. 3Y /3 Chloride O0.8Z /3.0
Sodium Y20 /,080  rlouide o0y /. &F
Total QWA 8‘2 ’ Nitrate 0.86.3 2018
Sulfate /4. & o0&

Total S 05

Fdededck dedcledeidedetehdeddolotolodoR teleindetol dodededekdesetesde st dedededs desetesedose deok ettt et topt s o
AR AARR AU RRINhdedefe Rk Kl‘ﬂﬁl\h«\?VNI(AKNI‘K?\'KK4\4\I(ITISKK.T!SWNIS{\KKHKK‘FKJ(l'hv\KﬁNNKﬂKd(ﬁKﬂKWH’K?"

mg/l Total Dissolved mg/1 Total Dissolved
Aluminum /. 9 O. 6 Manganese O. o8- OG.o ‘Z
Arsenic Mercury O. 00 L/ Q.00 2
Barium Mo-lybdenum

Cadmium  <0.009 ©O.00.2  Nickel
Chromium Q. 0.2  <6.02  seleniun <0.002 <OC.00 9
Copper 0.0 <06.0]/ Vanadium <O. | <o,/
Iron LEQ ©.45 e 0.07Z o©0.02

Lead <VO.‘Q_\§: <0.05




- aver Aammesanzs 65 WAILL MWL Samp}.e Identification@&&d“_&_@w@{
Sheridan, Wyoming

Sampling Time

Laboratory Report Location
Water Apalysi L} , Sampling Date HW/1/582
To Lo GD\‘\J‘ v/ Analysis Date ”'/i&_(? 2
—— s
‘ Date R AI 82
] o

Acidity . O PPM pH (Lab) ?. 95

Alkalinity (as_cacoy) /, §</(rm SAR /5.0
Ammonium (as W) / PP Specific Conductance ‘4 950 peshos
Boron PPM Total Dissolved Solidsy Sy D [/ () e
011 and Grease_ < f, O ppy Total Suspended Solids /GO | eem
Ortho-Phosphate < O . O | ppy Turbidity (NTU) / 9
CATTIONS meq/1 _mg/l . ANIONS meq/1 . mg/l
Calcium Z. 20 J(/‘/ Bicarbonate (o9 Y/ / P80
magnesion DY X 3OO comonate .0 O.O
Potassim O, Y ¥ /&9 chioride O, 86 0.0
Sodium 0.0 /,; 3850 rrourice 0.0¢ /.0L
Total ) 53‘_-2 Nitrate G. /0 &0 ;Z
Sulfate £O.3 I,8%0
Total 23. Y2
mg/l  Total Dissolved mg/l  Total Dissolved
Aluminum ¢\ 7 O. 8 Manganese X0.0.2 o©,/7.9
Arsenic - Mercury C.00 ¢ <0O.c0 |
Barium Molybdenun |

Cadmium <0.002 <0.002 yickel

Chromiun  O.OF  <OB.02  selenion <O0.00.2 <0.00 9
Copper ©0.02 <0.0/|  yaadium o. Y o. 3
rzon (/E O/ e o0 <O0.09

) lead <0.08 <o.o08




PKS Mining District
Sheridan, Wyoming
Laboratory Report

Water Analysis ’
To " .

-------------------------------------

Sample Identification

Sampling Time . A

Location Vi ~M
Sampling Date__ (| /R /% D

Analysis Date i Q/LQ [& D

..........................................
nnnnn AR TR KR TR R RCRCRRR S eledetek nhhdin?\'ﬂaﬁKnl(n?\'nnannnnnn’«Kﬂnﬂud\'d‘w

O.0 PPM
Alkalinity (as Cacos )3T Dpem

Ammonium (as N) PPM

Acidity

Boron PPM

011 and Grease < ,. O PEM

Ortho=~Phosphate < 0.0 ’ PPM

DABARTARKRORVRTR AR fokyet

pH (Lab) ?. 9 é
SAR &. o

Specific Conductance ( S /? Lmhos

/
Total Dissolved Soiids (/\?O PPM

6. L/ PPM

Total Suspended Solids

2, [

Turbidity (NTU)
CATIONS meq/1 .mg/l .. ANIONS meq/1 mg/1
Caleium LS S3/ Bicarbonate . £ Q) 0.3
Magnesium <. (Y ‘}Z D& ¥ Carbonate 0.0 0. O
Potassim 3. [/ rANY S, cilorzde Q. 08  F 00
Sodium 3.20 748 £ Flouride O.08 O. 7/
Total T3 Nitrate 0.0Y D59

Sulfate 120 WA

" Total 5 .Y Z
mg/l  Total Dissolved mg/l  Total Dissolved

Aluminum O.6 <0. ]/ Manganese <O.02 <O.09
Arsenic Mercury <6.001 <0.00]
Barium Molybdenum
Cadmium <0.000 <0.002 jickel
Chromium < 0.02 <O.02  seleniun .00 <XO0.002
copper .04 <0.0]  yapastwn  <0.] <O |
Iron 2. 10 X0.05 iz o.0Y <0.0.2
Lead <0.08 <0.0&5



PKS Mining District Sample Identification S\'Le‘ #/o
A A

Sheridan, Wyoming Sampling Tiwme
Laboratory Report Location VA G o ek

o
Water Apalysis Sampling Date /% / 2 M
To _E_S;',m {39,“!£ / Analysis Date U1 /5 2
Date_ -2 /13182 o

||||||||||||||

||||||||||||||||||

Acidity O.0 e pH (Lab) '-? 9 ¥
Alkalinity (as CaCO3 )\ S ¢ Pru SAR / ?

Ammonium_ {as N) PPM Specific Conductance ; 0*3 Lmhos
s

Boron PPM Total Dissolved Solids SC}“o? PEM

01l and Grease < ’ O PPM Total Suspended Solids 9 é PPM

Ortho=-Phosphate <O . O | pry Turbidity (NTU) O ?'.2

CATTONS meq/1 mg/1 ANTONS meq/1 mg/1

Calcium Y25 95T ol Bicarbonate ? 00 <¢O¥%
Magnestin 87 _Z/ & cabonae OO0 O.0
Potassium O, /P 4 ¢/  chloride e./0 J.S5O
Sodium YO /O Flouride C.0Y o &5
Total (5,23 Nitrate <0.0/ O.80

Sulfate ?c 8—9-— S3 ZZ__
Total /"/ ? E

Fdeedcdodededcedoik ke ieded deiedeic ek dedok dedeie dedededededeses e ded dedededederde el s Fetedoledeideiodeich dedodededods dok deiode dededek dede

mg/1 Total Dissolved mg/1 Total Dissolved
Aluminum _ /v \3 O,J Manganese < 0. 0‘2 < (@) .0.2
Arsenic : Mercury Q. 00\3 Q 0032
Barium Mt;ly'bdenum |

Cadmium C.002 <O.002 yickel

Chromivm  £0. 02 <O.02 selenivn <O.002 <O.OV0 9
Copper <0.01 <0.0/ Vanadium <O, | <O0. /[
Irom (1 OO ziee O.€X <o.02
Lead <C.08 <0.04




Sl

PKS Mining District
Sheridan, Wyoming
Laboratory Report

Water ﬂr@lysi ’L
To Ly Gom )/

Date 1 /(RIS 2

......

Sample Identification Bc_-g - Crcg,Q'QQ'

Sampling Time

Location
Sampling Date WU /&0
Analysis Date (/82

............................ “-'.....n.-:,..4...-.a-.---:
)\'Ancﬁl\'n:(nnKK:\AKﬁf\'a.Ac(nntcvsl(l\i\xntrﬂncxn** AR A KA TR RR KRRk

QO PPM
Alkalinity (as CaCO'a)%O. GPM

Acidity

Ammonium_(as N) PPM
Boron <o {O PPM
0il and Grease PPM

Ortho~Phosphate <OO ' PPM

------------------------

pH (Lab) ?. I /
SAR Q.|
(1Y

Specific Conductance
Total Dissolved Solids_’l g/ PPM

Total Suspended Solids o?.O PPM

Lihos

Turbidity(NTU)

Fededede Aol ol Rk dede sk e et dete Aotk sk et Fat o skt e sttt bttt s oL
NK«\An-trt’KlrnnleK(‘nnnd(nn.‘sa(Klrnnnﬂ:iﬁd‘d\a(?(:n(diwna

CATIONS meq/1 “mg/1
Calcium /30 2,
Magnesium O, Yol &, //
potassim - Q.05 - /. §O
Sodium O./0 D230

A Total /r 8

ANTONS meq/1 " mg/i
sicassonate _4 {0 PR L
Carbonate Q. 0 O.0
chloride <O0.0! <O.80
Flouride 0.0l o. /8’
Nitrate o.0X2 YA
Sulfate O, [é Z:QSQQ -
Total [+ ?? ‘

Fdidedk dedcledo ke dededoledeiehiededeledede ot dododedok dedelededesde deded e desedededeledok detedcdeded

----------------------
AR AR i 0 b 4 o TR KRR Kﬁrinwﬁﬁﬁﬁliﬂacdl\dﬁwnanKAI‘NA’KWKWT-‘

mg/l Total Dissolved
Aluminum_ <:3 /
Arsenic
Barium
Cadmium '(G . 00-2
Chromium
Copper

Iron Q ,_Q /

Lead _ <0.08

mg/1 Total Dissolved
Manganese <O. 0-2
Mercury '<O. oG '
Mc;lybdenum
‘Nickel
Selenium <. coO2
Vanadium <O ' l
Zinc . /('/




M

PKS Mining District Sample Identification G( a )

Sheridan, Wyoming Sampling Tiue

Laboratory Report Location '

Water Analysis Sampling Date W/to /7835

To RV s |0,/ ' Analysis Date W2 /50

pate |2 [T

---------------

ek e dodeded dede dedesokede e ek s ook a’n‘n'\k'&ﬁ*kk%k*;;k*kkh—kﬁ&k***************-k*************
Acidity O.0 PPM pH (Lab) ?. \T?

Alkalinity (as CaCOq)ééVGm SAR SO .8

Ammonium (as N) PPM Specific Conductancecgj léo/amhos
Boron PPM Total Dissolved Solids k?;o?& 0 PPM
01l anAd Grease '</ O PPM Total Suspended Solids /o?. 8‘ PPM
Ortho=-Phosphate <0 0O i PPM Turbidity (NTU) 8

CATIONS meq/1 mg/1 ANIONS meq/1 mg/1

Calcium i’?\ﬁ—- &_, / Bicarbonate J?c \3— /,1 8-00
Magnesium QD. (/O c99. -? Carbonate 3\3—2 _9 9} C
/8 l/ Chloride O. / '7/ _SOQ

o.3Y
Sodium 2 5 . O Z 1 OZ O Flouride o Oé /. 09
Total 8- V? Nitrate 0.03 (&Y

Sulfate /8;‘ | ég,};\ﬁ-

Potassium

.....................................

mg/1 Total Dissolved mg/1 Total - Dissclved
Aluminum @QQ ‘7/- \j— Manganese O /‘7, O 03
Arsenic Mercury 0.00\i_- O.00 3
Barium : Mo.lybdenum

Cadmium <0.002 <0.00.2 jickel

Chromium &, 02 <0.02 seleniom <O.0092 <O.002
Copper C.0Y <0.0l veatim <O./ <o. ]/
Iron T80 Y80 g 0.08 <0.02

Lead <0.08 <0.05
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PKS Mining District Sample IdentificationSM ,\J—L chp

Sheridan, Wyoming Sampling Time
Laboratory Report Location

Water Analysis Sampling Date HAAto /B3
To s ﬁigm!LE / Analysis Date W12 /59

Date 1D NR/E T

........................

Acidity 6. O PPM PH (Lab) ?: SO
Alkalinity_(as cacoanBc3 Y pru SAR //. 0

Ammonium (as N) PPM Specific Conductance_LQ, O ?0 7mhos
Boron O. /L/ PPM ' Total Dissolved Solidt_::’)j 940 PPM
011 an.d Grease PPM Total Suspended Solids é / é PPM
~ Ortho=-Phosphate OC.0O [ PPM ‘ Turbidity (NTU)

CATIONS meq/1 “mg/l ¢ ANIONS meq/1 " mg/1

Calcium é' ;ZO _LJ L/ Bicarbonate /0 ? KS‘/
Magnesium ZO . _Q _an.? V Carbonate O. 0 O . O
Potassium O'SQ_ _/\? ? Chloride O. 3—? //' \I)

Sodium Q?QQ, O 2;5 g; Flouride O Oé _/. Oé
Total 6/9' cQS Nitrate <GO ’ <0, SO

Sulfate 38- .? /, ?‘30

----------------------------------

mg/1 Total Dissolved mg/1 Total Dissolved
Aluﬁxinuui O ’ , Manganese O. O(
Arsenic Mercury <O- o0 /
Barium Mc;lybdenum
Cadmium < G OO;_P__ ‘Nickel
. Chromium . Selenium <0.co?
Copper Vanadium ' '(O ' /

Iron . Q~ /'"/ Zinc o <O. OQ
lead <O’OS’




PKS Mining District Sample Identification G
Sheridan, Wyoming Sampling Tiwme

Laboratory Report Location

Water Analysis Sampling Date 1/ 23

To \\\'wx Bom 'Lh/ Analysis Date 712 /S 2
4

Date_ 12 /137K 3

-

Lk,

......

Acidity OC.O oy PH (Lab) PR A

Alkalinity (as cacoy) Y F0) pou SAR £..9

Ammonium (as N) PPM Specific Conductance /, O ?d tamhos
Boron <O. ‘O PPM Total Dissolved Solidsj ?90 i PPM
01l and Grease PPM Total Suspended Solids Vé. 9 PPM
Ortho-Phosphate < (). O ! PPM 'r'urbidicymru)

CATTIONS meq/L  ““mg/l " ANTONS meq/1 " mg/l

Calcium /. &/ L3 sicarvonate 7. 5O S 75
Magnesivm 7, 03 ¢ 8’ Carbonate 0.0 O. 0

rotassion - O./& €80 omertee 0,90 200
Sodium 220 ROV Flourice O.03 O0.85§
Total [ 7. Zd Nitrate OO / __Q, S/‘/

sree 48F  23Y
(4.2/

Total )

-k%,',:gsk,z:;k,z.a.z,L;c;n;,'”'w'u;,z.'wh'cﬁa.z;ca?z%:.,:,z.::‘;‘.a,;A.";‘;c.'s;‘:‘Aa,;*ka,:;wz:wzk.u,ukkka.\k%;‘kkk;.;,un"?'v

mg/1 Total Dissolved mg/1l Total Dissolved
Aluminum | < O, ' Manganese <0.02
Arsenic Mercury <G.00]
Barium Mc;lybdenum -
Cadmium <0.00 2 Nicke:
Chromium ' Selenium <. 00 2
Copper , _ Vanadium ' < O . /

Iron O O? Zinc A '<OO-=:2
Lead . <0.0'§‘
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PKS Mining District
Sheridan, Wyoming
Laboratory Report

Water 5§a1ysis
To \‘

--------

--------------------

Sample Identification GcorCr\L\Onms-s-r
Sampling Tiwe
Location

Sampling Date Wt /=9
Analysis Date U A2 /5 2

Acidity

O.O0

Alkalinity (as CaCO%}eDudll PEM

Ammonium (as N) PPM

Boron

PPM

0il and Grease < [.(:) PPM

::::::::

pH (Lab) Q)
SAR S
Specific Conductance ?é / Lmahos

V4
Total Dissolved Selids ?é é PPM

Total Suspended Scolids /’/{ C: PPM

Ortho=Phosphate X O .0 | ppy Turbidity (NTU) /. 7‘2

CATIONS meq/1 “mg/l o ANIONS meq/1 T mg/1
caleton 2 P7Q & E S sicarsonace £S5 (Pos
Magnesium QCQ;Z 39. & Carbonate Q.0 C.0
Potassiun . [ Y DS Q  chloride o.// o0
Sodiunm & .J0 /Y3 Flouride  G.03 0. y&
Total JAYEGY Nitrate 0.03 /. 0/

JJJJJJJJJJJJ

......

Sulfate {.QS—O 3/_?

Aluminum
Arsenic
Barium
Cadmium

Chromium

Copper
Iron

lead

. 003 <6.a02

<8.02 <o.02

.0 <0.0/

.Y o©./L

<0.O0& <o.0%5

--------------------------------------------------------------
¢ ¥

mg/1 Total Dissolved
Manganese a.0 3 a.0 &?
Mercury .00/ <0.00]

Molybdenum

Nickel
Selenium ©O©.00.) <0.00 2
Vanadium <O.| < 0./
Zine LYE <0.02
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PKS Mining District
Sheridan, Wyoming
Laboratory Report

Water ?nalys‘ L
To L, GC)LJQ\ >/

Date__ | D /1315 2.

Sample Identification QEA" Sw:é_o.
T

Sampling Time

Location
Sampling Date WU /$D
Analysis Date Wl /ST

.........................

.........................
XX J\'rthdqunnKl\nnnnnn«?\'a-‘c.\n&l\ THAATHERARTEICRR R

Acidity O.0 PPM
Alkalinity (as CaCOg)(;’O“[ PPM

Ammonium (as N) PPM
Boron <O [0 PPM
0il and Grease PPM

Ortho=-Phosphate '< o.0O ! PPM

-------------------------------

PH (Lab) ‘Z é L/
SAR /. «Q
Specific Conductance L/?g? ,umhos

/
Total Dissolved Sclids (‘//é PPM
Total Suspended Solids c:o \-Z. é PPM

Turbidity (NTU)

...................................

CATIONS meq/1 Tmg/l ANIONS meq/1 " mg/l

cailetwn NSE Z[ Y/
Magnestun =2, 3§ I8 9
potassiom O, / / Y. =20
Sodium =2.00 7o
Total o5

Bicarbonate __G_O? 3;'/
Carbonate O. 6 6 O
chloride .04 2. O

 Flouride 0.0 3 0. S/

Nitrate Q O/ O L 8?
Sulfate /.98 R

.........................................

**J‘**”f ................................
~ NAX TRV ARTRReREY DRAXATITRATRRNRRALRRR

mg/1 Total Dissolved mg/1 Total Dissolved
Aluminum <G v / Manganese <O &) =2
Arsenic Mercury <0.00|
Barium Mc;lybdenum
Cadmium <0. OO 2 Nickel
Chromium ‘ Selenium <g. OC’L-.D,.
Copper Vanadium ' <G, /

Iron OO§:_
lead <O‘05"

Zinc ' ‘<0.0_2
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LW el PLSLTLCT

Sheridan, Wyoming

Sample IdentificationM+ f‘écﬂ @r‘{‘)oﬁ*a.(

Sampling Time

Laboratory Report Location
Water Apalysi ‘L Sampling Date n/n/29
To L ) / Analysis Date 1§ A2/
/ v 4
Date_ [J) /IR/® D
ket kel delcdodelek foieleiok ok feeeoledol ook ok dekok e stk e dekedeodekekkodokedokieodohotete fefedekeodesedededk deeds

Acidity 0. O PPM
Alkalinity (as CaCOq)btwé PPM

pH gL%b) G. SO
SAR___ /. 8

Ammonium (as N) PPM Specific Conductance m () Lmhos
, v

Boron < O , O PPM Total Dissolved Solids VQ/‘/ PPM

01l and Grease PPM Total Suspended Solids o;b 6 PPM

Ortho=Phosphate <O. O ’ PPM Turbidity (NTU)

CATIONS meq/1 ..mg/1 ANTONS meq/1 . mg/l

Calcium j :Z\S' L?\_S / ? Bicarbonate S//...? c:DG—/

Magnesium /' L/ / /?. o? Carbonate O .0 0.0

Potassium O /O &90

Chloride O, 03 /. OO

Sodium oQJ O ( 522 (g Flouride 0' O '2 O L//

Total { s, 2{:

.......

Nitrate <OO , <0.850
Sulfate /- 3 ? _4\5\: ?’

mg/1 Total Dissolved mg/1 Total Dissolved

Aluminum < O . /

Manganese O . .,98

Arsenic Mercury <6 00 ,
Barium _ Mo.lybdenum |

Cadmium < O .00 J Nickel

Chromium ' Selenium <0 . 009
Copper Vanadium ' < O R /

Iron O. 90 Zinc ' < 0. OcQ

lead <0. O\'D—
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PKS Mining District
Sheridan, Wyoming
Laboratory Report

Water Analysis L
To QTVV\ QO\.\J' ;/
Date e WY I

||||||||||||||||

Sample Identification&m thg o Q:F‘L&ﬁ
Sce

Sampling Tiwme

Location
Sampling Date HWAU7/582
Analysis Date w2 /e J

Acidity O.0O sy
Alkalinity (as Cacos) 3 %PM

...............................................................
Kt

pH (Lab) ?.OL/ -
SAR é. 3

Ammonium {as N) PPM Specific Conductance é // /mhos
Boron <G. 1O v Total Dissolved Solids S SEL o
0il and Grease PPM Total Suspended Solids PPM
Orthe=-Phosphate <O O ,PPM Turbidity (NTU)

CATTONS meq/1 g/l

Calcium AGTSEERYS /
Magnesiom () 3 /0. /
Potassim (3, fed = S LO
Sodium £ 370 A4
Total 7 Y0 |

ANTONS meq/1 " mg/1
Bicarbonate m YD
Carbonate O O O O
chlorice  <O.0] <6.50)
Flurie  O.06 /. -l 3
nerate €0.0 1 <0, 80
sutfate [, 03 Y7S

mg/1 Total Dissolved
Aluminum O, }
Arsenic
Barium
Cadmium < 6,000
Chromium
Copper

Iron or [ -?

Lead | <O-OQ~‘

W——

- mg/1 Total Dissolved
Manganese Q. /—2
Mercury < Q. o]¢)] !
Mt;lybdenum
‘Nickel
Selenium <G6.002
Vanadium ' <O| /

Zinc < O . 0_2
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PKS Mianing District
Sheridan, Wyoming
Laboratory Report

Water .Aﬁ‘lysi
To ESSga i&&)!Lal

---------

Sample Identificationﬁl—. ‘Q -~y
=P

Sampling Time

Location d
Sampling Date_ {| /1y /&€ D
Analysis Date ¢ l"/l,%,/?' 2

..........

.............................................................
RARFTWANRRERWRRRRRRICRR TR et o\a\?\nnn?\"xni\:\ﬂnnxna\xnn?{naﬁﬂnxn?{nl\nnlSl\KKKle\- nnnnn ARARNRITENX

3.0
Alkalinity (as CaCO?)é‘S-: @PM

Acidity

Ammonium (as N) PPM
Boron < 0. IO PPM
011 and Grease PPM

Ortho=-Phosphate <O @] ) PPM

.........

pH (Lab) G. ;Z ?
SAR O. ca?
Specific Conductance /c:,jc::) timhos

4
Total Dissolved Seolids /o? L/ PPM

Total Suspended Solids ﬁ/? L,/ PPM

Turbidity (NTU)

CATIONS meq/1 ‘mg/l T ANIONS meq/1 . mg/1

Calcium LOY L2059 Bicarbonate _ /. T ;29 3

Magnesiom  O,§ Y & Yy ;2 Carbonate 0.0 a.0

Potassiem . 0.2 0.0 chloriee 0.0/ <O, &850

Sodium 0,20 YEH  riowrice O.02 0.3%

Total [ &0 neae 0,01 O0.4¢
Sulfate 0.8% 1SS
Total ) /.

mg/1 Total Dissolved
Aluminum < O, /
Arsenic
Barium
Cadmium A< O . 002
Chromium
Copper

Iron 0.0é
lead ioios

mg/1l Total Dissolved
Manganese <G O 2
Mercury < G.00 /
Mo-lybdenum
Nickel
Selenium Q OO .2
Vanadium < os I
Zinc ' <0.0-:2




FKS Mining District Sample Identificationy('r%ug Gu_{cﬂ\ @or‘&

Sheridan, Wyoming Sampling Tiume Qe
Laboratory Report Location ’
Water Analysi Sampling Date /10 /93
To KIQN\ . ,_LJL\/, Analysis Date 11#/_151/9—2

Date | D/131 K 2

---------------------------

Acidity .0 PPM PH (Lab) ? éé

Alkalinity (as CaCO'g)kgﬁ;_g:/éPM SAR /- 3

Anmonium_ (as N) PP Specific Conductance /,6_'030 Lnhos

7/ 7
Boron < O. {O PPM ‘Total Dissolved Solids_/, 9 8’0 PPM
7/

0il and Grease PPM Total Suspended Solids // ? PPM
Ortho-Phosphate_ O . & ppy Turbidity (NTU)

CATIONS meq/1 “mg/l Y ANTONS meq/1 g/l

Calcium j ?L/ 195 Bicarbonate é é? q0>
Magnesium L‘/Q—. / ? é Carbonate O O O O
Potassium O. SQ j(/. ,,? Chloride 0 /\7 é. 06

Sodium 2,53‘0 zgz - S Flouride 0 Oo? O (//
Total 29./0 Ntrate  <O0.0/ <0.50)

Sulfate m / /’. / {Q

Total 9?9?? ’

R FeTodode Te ot Yok e oo do st st dtamtonta afont e st ot dhost sl st skt vy

FRRTRIek ik ieeelolededrit el dodefoldeletedededededetetolededcde et dedededededede etk hededededrdedeiedelodc doledok deke
mg/1 '.[_:_g_t_:_a__]_.; Dissolved mg/1 'I_’_O_!:__é_}._ Dissolved

Aluminum | < O. / Manganese o.0 3

Arsenic Mercury <O.00 ,

Barium Mc;lybdenum

Cadmium <O0.0029 Nickel

Chromium ' Selenium <. 06 .2

Copper Vanadium ' <0 . /

Iron O' { / Zinc _ » O. O _2
lead {Q os—
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6.3 Soil and Overburden Study

In October of 1982 soils and overburden materials were sampled at
60 sites in the Red Lodge, Montana abandoned mines area. (Exhibits No.
3 and 4). A1l samples were analyzed by KM&E's soils laboratory located
in Sheridan, Wyoming. Analytical methods, as outlined by Montana Strip
and Underground Mine Reclamation Rules and Regulations, and pursuant
guidelines, were used. Laboratory procedures are contained on Table
6.3.1.

6.3.1 Soils

Soils at 29 sites were sampled. Sample sftes were chosen according
to their proximity to dump areas, drainage areas, subsidence areas and
pan spots. - Generally, samples were taken at 6 to 12 inch 1ntervais'to a
depth of 60 inches, bedrock or gravel. Additionally, a 6 to 12 inch
sample was taken from any underlying soft weathered bedrock material
that was encountered. A summary of soil quality and availability at
each sample site is presented on Table 6.3.2, and laboratory data are
contafned in Section 6.3.3.

Except for sample 11-0B-1 (taken on the floor of the Washoe strip
mine cut), and the top 6 inches of sample 15-TS-1, most of the soils
sampled have proven to be chemically suitable for reclamation purposes.
However? some clayey textures, excessively steep slopes and a general
lack of sufficient soil quantities in many areas will present a problem
to reclamation efforts.

6.3.2 ODOverburden
Overburden materials at 31 sites were’smmpﬁed in the abandoned

mines area. For the purpose of this report the term "gob pile" is used
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to describe the coal tailings and carbonaceous refuse piles that occur
throughout the area. "Spoil piles" refer to tHe mixed overburden materials
that have been removed to expose the shallow coal seams of the Washoe,

Bear Creek and Foster Gulch strip mines. A summary of the samples taken
from the gob piles and spoil piles is contained in Table 6.3.3, and
Taboratory data are contained in Section 6.3.4.

Gob Piles. A total of 22 sites were sampled on fhe gob piles.
Sample sites were chosen at random and include samples taken from veg- ~
etated and barren areas, and the top, sides, base and interior of
various piles. Samples were taken to a depth of at least 12 inches at
each site. Where textural or other physical variations occurred,
additional samples were taken (8-0B-1 and 14-0B-1). Additionally, an

—
eight foot composite sample was taken from the exposed interior of the

Airport_gob pile (14-0B-2), and a six foot “"broken" sample was taken

T F

from a cut face of the gob pile adjacent to the Red Lodge municipal
solid waste Tandfill (8-0B-4).

PH readings suggest acid conditions occur in the surface materials
of most-gob_pi]es, and it appears that salts, some heavy metals and
boron may become concentrated with depth. These conditions make the
materials contained in most of the gob piles undesirable for use as
surface material for reclamation purposes. However, in many areas gob
pile materials may be suitable for use as a subsoiling material.

Spoil Piles. A total of nine sites were sampled on the three
surface mine areas. . A1l samples were taken to a depth of 12 inches.
Sample sites were chosen at random and include east, west, north and

south aspects, and slopes ranging from 0 percent to nearly vertical.
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Samples were taken from the inside slopes (slopes facing the high wall),
outside slopes, and the top of the outcast piles. Additionally, samp1es
were taken at both vegetated and barren sites.

Sample sites 2-0B-2 and 5-0B-4 have elevated NO; (Nitrate) levels
and site 11-0B-2 has a pH 4.0 making them undesirable for use in rec-
Tamation. However, it is believed that these occurrences are only local
phenomena, and that most of the spoil material is chemically and physically

suitable for use as either surface or subsoiling material in any rec-

lamation effort.
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6.3.3 The following tables present the laboratory data for the soil

analysis. The sample site is shown on the tables as the series and may

be located on Exhibits No. 3 and 4.
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6.3.4 The following tables iilustrate the laboratory resulis for the
- gob and spoil pile samples. The ser.ies is the sample number and may be

tocated on Exhibits 3 and 4.
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6.4 Geotachnical Study

From December 10, 1982, to December 15, 1982, Kiewit Mining &
Engineering Co. drilled 15 holes in the Red Lodge Coal Field. The
drilling was completed to determineAthe accuracy of the undergrdund mine
plans and the characteristics of the mine voids and overlying strata.
Drill logs are contained in Section 6.4.2 and drill hole diagrams in
Section 6.4.3. The hole locations are shown on Exhibits No. 3 and 4.

6.4.1 Drilling Results

-~ The primary area of concern was the bluff east of Red Lodge where
substantial subsidence has occurred. Available mine maps indicate that
five coal seams were mined in this area and the subsidence évidence
verifies this. A line of drill holes was designed to intercept these
seams. Alluvial gravels and sands from 25-30 feet thick hampered ini-
tial drilling attempts but this wés eventually solved by using a larger
drill rig.

From the drilling it appears that the coal seams outcropped on this
bluff long ago but they have since been eroded somewhat and overlain
with an alluvial cap from 20-30 feet thick.

The first drill locations were selected to define the No. 6 coal
seam situation. A total of five drill holes (No. 1 thru No. 5) were
punched in two separate locations. From the logs of these holes the
following conjectures can be made. The No. 6 coal seam has, in fact,
been mined up dip to within at least 70 feet of the surface and still
remains open to some extent. There has been-some caving occurring but
it appears to have advanced only thru the overlying soft sandstone and’
brobab]y,ne more than 10 feet above the original mine roof. This ver-

ifies the suspicion that the subsidence observed is a localized incident
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caused by the collapse of workings at a point where the roof material
and coal seam have been eroded and réplaced by alluvium. The No. 5 coal
seam, which is 13 feet thick, has not been extensively mined in this
area. This is also borne out in historical documents.

Two holes (No. 6 and No. 7) were drilled to define the No. 4 coal
seam situation. The pillar location was not determined with this drilling
but the seam was mined leaving a void of 4-8 feet and some caving is or
has occurred-due to the soft fill found below the void. A massive
sandstone or shale (depending on which log you look at) strata is found
above the void. Since the coal was not found, it is hard to define the
advance of the caving. From the amount of subsidence observed and
associated with the No, 4 seam, it again appears that the coal seam was
mined up dip until the overlying alluvium was intercepted and subsidence
occurred at these points.

Two holes (No. 8 and No. 9) were drilled to define the No. 1% and 2
coal seam situations. The No. 1% seam was intercepted on the first
hole, therefore, drilling continued to the No. 2 seam. The workings of
the No. 2 seam were found near 150 feet in depth. A void exists at this
level and six feet of soft fill indicates that a minor amount of caving
has occurred. The second hole intercepted the No. 1% seam mine workings
with very little void remaining and 11 feet of soft fill was detected.
Comparing the logs of both holes indicates that the caving -has advanced
approximately seven feet. A massive shale zone overlays the workings.
The No. 2 seam appears to have caused no surface subsidence. Only one
subsidence hole was observed that could be associated with the No. 1%
seam. Since this area is presentiy a hay meadow, 01d subsidences may

have been filled in.
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The next major area to be drilled occurred approximately .6 mile
east of this site in an area of extensive subsidence. The first hole
(No. 10) drilled was Tocated south of the hardpan spots believed to be
old subsidence holes filled in long ago with clays. Coal seam No. 2 was
intercepted and appeared to be too thin to mine in this area. The
mined-out void of the No. 3 seam was intercepted at 87 feet with only
two feet of void detected and seven feet of soft fill found below this.
It appears that caving has occurred, the void is almost filled by fluff
and a hard sandstone roof overlies the void.

The next drill hole (No. 11) was located to define the No. 4 seam.
The void was found at a depth of 100_feet, was overlain by sandstone and
no soft fill was detected at the bottom of the void.

An attempt was then made to drill a hole (No. 12) at the end of the
access route on Bear Creek. The hole was abandoned in 40 foot of sand
when caving and lost circulation occurred. As no subsidence was indi-
cated in the vicinity, no further drilling was attempted in this area.

The next area of interest was on the ridge above the Washoe No. 1
mine (Bear Creek Dump). Drill hole No. 13 intercepted a minor coal seam
at 17 feet, another minor coal seam at 62 feet and-what we surmise to be
the No. 2 coal seam from 72-80 feet. Moving 40 feet to the south, drill
hole No. 14 intercepted the same two minor éoaT seams as before. The
mined out void of the No. 2 seam was detected immediately below the
lower minor seam by loss of circulation and slight drop of the drill
steel. The steel was then pushed through 14 feet of loose fill. It
appears that the No. 2 seam workings have collapsed to the point where

the loose fluff has expanded to fill the void.
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The final hole (No. 15) was drilled on the ridge above the Smith
Mine. Two minor coal seams were again encountered, but on reaching 100
feet of depth, no further coal seams were encountered.

It should also be stated that all drill holes were backfilled and a
concrete plug constructed 18 inches below ground 1ine. Any remaining

drill cuttings were scattered, the area seeded and then raked.
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6.4.2 Drill Logs

The following drill hole Togs define results of the drilling pro-
gram in the Red Lodge Coal Field.



PETER KIEWIT SONS’ CO.
EXPLORATION AND DEVELOPMENT

DEPARTMENT
26 LOG OF PROSPECT BORE HOLE No.
Lessee or permittee..__16d_Lodge Coal Field
X Address
Driller Kiewit Mining_& Engineering Co.
Commenced drilling 12-10-82 Finished 12-10-82
mﬁﬁz’e‘é’i’uﬁ‘;ﬁ'ﬁ‘g's”fﬂi‘fﬁ; Sec. 20 T.1S R.20E M Smt“ Montana
vertionl, give Gironon, nort 1o not Method of drilling Air Logged by~ RGEd
Surface Owner. (SIGNEDI‘O / /Z_)/”
DATE__12-10-82 Pagelof 1 (TITLE) Field Engineer
FORMATION RECORD
b -— e
DEPTH Thickness Geologic formations; character of rock; oil, gas and water horizons;
From— TPom of stratum coal and other mineral occurrences
Feet Tenths | Feet Tenths | Feet Tenths
0 30 30 Gravel
30 40 10 Sand, brown clay
40 52 ] 12 Gray shale
52 53 1 Sandstone
53 72 19 Gray_shale
72 85 13 Coal Seam_#5
85 101 16 Gray, sandy shale
101 109.. 8 | Siltstone
109 117 8 Void Mined out seam #6

(Attach continuation sheets i1 necessary)



PETER KIEWIT SONS’ CO.

EXPLORATION AND DEVELOPMENT
DEPARTMENT

LOG OF PROSPECT BORE HOLE No.__ 2

2
“ Lessee or permittee Red Lodge Coal Field
X Address

Driller Kiewit Mining & Engineering Co.

Commenced drilling..__12-14~82 Finished . 12-14-82
uﬁ?ﬁtzﬁélﬁ?ﬁ%’sﬁiﬁ%ﬁlﬁ; Sec.26 T IS R_20E M .. State_Montana
vertionl, giee. Qiroction oy w1 Method of drilling..__A1r Logged by-..L.._Reed
Surface Owner (SIGNED) O// { g, 4% M /

i
DATE 12-14-82 Page 1 of__1 (TITLE) Field Engineer

From— To—

FORMATION RECORD

Geologic formations; character of rock; oil, gas and water horizons;
coal and other mineral occcurrences

‘Feet Tenths j Feet Tenths | Feet Tenths

0 19 19 Sand
19 20 1 Sandstone
20 30 10 sand with %" gravel stringer
30 78 48 Gray_shale
78 92 14 Coal Seam_#5
92 110 18 Gray_Shale
110 116 6 Sandstone. medium _soft
116 120 4 Void.. Mined out seam #6

{Attach éontlnuauon sheets {1 necessary)



Locate hole correctly, glving dis-
tance in feet from N.or S. and E. or
W. Une of section; when hole is not
vertical, give direction and angle.

Surface Owner.

PETER KIEWIT SONS’ CO.

EXPLORATION AND DEVELOPMENT
DEPARTMENT

LOG OF PROSPECT BORE HOLE No._3

Lessee or permittee Red Lodge Coal Field

Address

Driller. Kiewit Mining & Engineering Co.

Commenced drilling__12-14-82 Finished ___12-14-82 '
Sec. .20 . /S _RrRZ20E M stateMontana

Method of drilling Air by... L. Reed

Log
(SIGNED) y‘Q'/)/ /JZQ,//

DATE 12-14-82 Pagelof__ 1 (TITLE) Eield_Engineer
FORMATION RECORD
P e oo oot ot e o
Feet Tenths | Feet Tenths | Feot Tenths
0 23 23 Sand
23 24 1 Gravel
24 29 5 Sand
29 29.5 ) Sandstaone
29.5 63 33.5 Gray.Shale
63 64 1 Sandstane
04 81 17 Gray.Shale
81 93 12 Coal Seam._#5
93 98 5 Gray Shale
98 | 99 1 Sandstone.. medium _hard
99 111 12 Gray.Shale
111 126 15 Gray..Sandstone,. medium soft
126 132 6 Coal.... Seam._#6_pillar
132 135 3 Gray..Sandstone

(Attach continuation shects {1 necessary)




PETER KIEWIT SONS’'’ C€O.

(]
(o))

Locate hole correctly, giving die-
tance in feet from N. or S, and E, or
W. line of section: when hole is not
vertical, give direction and angle.

Surface Owner.

EXPLORATION AND DEVELOPMENT
DEPARTMENT

LOG OF PROSPECT BORE HOLE No._4

DATE 12-14-82

Page 1

Lessee or permittee Red lodge Coal_Field
Address
Driller Kiewit Mining & Engineering Co.
Commenced drilling 12-14-82 Finished 12-14-82
Sec.. 26 1. 7S ®m._20E wm State__Montana
Method of drilling Air ﬁged by_,.L. Reed
(SIGNED)/Q,O\‘/ M
of 1 (TITLE) Field Engineer

FORMATION RECORD

Feet Tenths | Feet Tenths | Feet Tenths
0 22 22 Sand
22 40 18 Sand with_gravel
40 57 17 Gray shale
57 71 14 Sandstone, medium_soft
71 /7 6 Coal Seam._#6
11 18 1 Sandstone
18 80 2 Gray..shale

THE MILLS COMPANY, SHERIDAN

(Attach éonunuation sheets 11 necessary)



nNo
()]

Locate hole correctly, giving dis-
tance in feet from N, or S, and E, or
‘W, line of section: when hole is not
vertical, give direction and angle.

Surface Owner.

PETER KIEWIT SONS’ CO.

EXPLORATION AND DEVELOPMENT
DEPARTMENT

LOG OF PROSPECT BORE HOLE No.__ 5

Lessee or permittee Red Lodge Coal. Field
Address

Driller Kiewit Mining & Engineering Co.

Commenced drilling...__ 12-14-82 Finished.... 12~14-82

sec. 20 7S m_20E M State Montana

Method of drilling Ai Logged by, L. Reed

(SIGNED) 70,_2‘///() M

DATE 12-14-82 Pagelof. 1 (TITLE) Field Enqineer‘

FORMATION RECORD

N e e T A S e
Feet Tenths | Feet Tenths | Feet Tenths
0 34 34 Sand with brown clay
34 38 4 Coal stringer; washed out Seam #5
38 59 21 Gray shale
59 75.5 16.5 Sandstone, medium soft
75.5 78 2.5 Void. Mined out Seam #6
78 80 2 Soft fill

(Attach continuation sheets it necessary)




PETER KIEWIT SONS’ CO.

EXPLORATION AND DEVELOPMENT
DEPARTMENT

LOG OF PROSPECT BORE HOLE No._6

26
Lessee or permittee Red Lodge Coal Field
¥* Address .
Driller Kiewit Mining & Engineering Co.
Commenced drilling___12-14-82 Finished . 12-14-82
mﬁtzxizzfﬁﬁsmmgndfr Sec 26 r..75 wr.20E _u stateMontana
?e;ﬂ“:’:x.%’fﬁ“éﬁ‘ec‘&i“ :‘:ée 2,,',‘;:*. Method of drilling Air Zml_/ Reed
Surface Owner. (SIGNED) ygﬂf ' 7
DATE___ 12-14-82 Pagelof_1l (TITLE) Field Engineer
FORMATION RECORD
w
DEPTH Thickness
From— To— of stratum coal and other mineral occurrences
Feet Tenths | Feet Tenths | Feet Tenths
0 29 29 Brown clay
29 31 2 Sandstone, medium hard
B 31 51 20 Brown shale
e 51 52 1 Sandstone, soft
52 63 11 Gray shale
63 - 92 29 Sandstone, medium soft
92 96 4 Void  Mined out Seam #4
96 100 4 Soft fill

THE MRS ConPANY, SHERIDAN (Attach continuation sheets i1 necessary)



PETER KIEWIT SONS’ CO.

EXPLORATION AND DEVELOPMENT

DEPARTMENT
% LOG OF PROSPECT BORE HOLE No.__7/
Lessee or permittee Red_Lodge Coal Field
< Address
Driller Kiewit Mining & Engineering Co.
Commenced drilling 12-14-82 Finished_. 12-14-82
o o v hy, Blving dis- sec.2f T 05 R.20E M. State_Montana. .
vertical, give  direstion and angle.  Method of drilling Air Loggedj' L/ Reed
Surface Owner. ' (SIGNED) /Q \C;% /X 17 yL \\/
DATE 12-14-82 Page 1 of 1 4 (TITLE) Field Engineer
FORMATION RECORD
———" e e = = =
DEPTH Thickness Geologic formations; character of rock; oll, gas and water horizons;
From— To— of stratum coal and other mineral occurrences
Feet Tenths | Feet Tenths | Feet Tenths
0 30 30 Brown clay
30 32 2 . Sandstone, medium hard
32 ' 35 3 Brown shale
o 35 36 1 Sandstone, medium hard
36 54 18 Brown shale
54 56 2 Sandstone. hard
56 91 35 Gray shale
91 99 8 Void. Mined out Seam. #4
29 10Q 1 Soft._f£ill

THL MILLS COMPANY, sHERIDAN (Attach éonunuation sheets it necessary)



PETER KIEWIT SONS’ CO.

)
(o))

Locate hole correctly, giving dis-

tance in feet from N. or S. and E. or
W. line of section; when hole is not
vertical, give direction and angle.

Surface Owner.

EXPLORATION AND DEVELOPMENT

DEPARTMENT

LOG OF PROSPECT BORE HOLE No._8

-82

Page 1 of 1

Lessee or permittee Red Lodge Coal Field
Address
Driller Kiewit Mining & Engineering Co.
Commenced drilling 12-14-82 Finished . 12-14-82

Sec.. 26 7 7S R.20E__m state Montana
Method of drilling__._ Al Logged byl Reed

(SIGNED) /g;;?éjj?/;%/ daégf£?74///

(TITLE) Field_Engineer

FORMATION RECORD

et A e e S =T

Geologic formations; character of rock; oil, gas and water horizons;

From— To— of stratum coal and other mineral occurrences
Feet Tenths | Feet Tenths { Feet Tenths
0 25 25 Brown sandy shale
25 62 37 Gray shale
62 63 1 Sandstone, medium soft
63 68 5 Gray sandstone, soft
68 87 19 Gray shale
87 92 5 Coal Seam _#1%
92 125 33 Gray shale with_thin_ sandstone stringers
125 126 1 Gray sandstone. medium hard
126 148 22 Gray _shale
148 151 3 Void.. . Mined out #2 _seam.
151 157 6 Soft fill

(Attach continuation sheets i1 necessary)




PETER KIEWIT SONS’ CO.

EXPLORATION AND DEVELOPMENT
DEPARTMENT
25 LOG OF PROSPECT BORE HOLE No._ 9
Lessee or permittee Red Lodge Coal Field
Address
X Driller Kiewit Mining & Engineering Ca.

Commenced drilling..__12-14-82 Finished 12-14-82
taee 1n fost trom N, oF & and &, or Sec.. 6 1S Rr.20E_m stateMontana
e o b wmgle.  Method of drilling Air Logged by__k:_Reed
Surface Owner. (SIGNED) Q ( A Je L

c”

DATE.__ 12-14-82 Page 1 of__1 : (TITLE) Field Engineer

FORMATION RECORD

DEPTH Thickness Geologic formations; character of rock; ofl, gas and water horizons;

From— To— of stratum coal and other mineral occurrences
Feet Tenths | Foot Tenths | Feet Tenths
0 . 25 25 Brown shale
25 78.5 53.5 Gray shale
. 78.5 79 0.5 Void ___Mined out Seam #1%
7777 N 79 90 11 Soft_fill

THL MILLS COMPANY, SHERIDAN (Attach continuation sheets i1 necessary)



PETER KIEWIT SONS’ CO.
EXPLORATION AND DEVELOPMENT
DEPARTMENT

LOG OF PROSPECT BORE HOLE No. 10

26
Lessee or permittee Red lLodge Coal Field
Address
X Driller Kiewit Mining & Engineering Co.

Commenced drilling..._12-14-82 ¥inished 12-14-82

tamme it foct From o e s Sec.20 TS R.20E M State._Montana

. ¢ section: when hol t .

xri’?::f’gfvf lc‘;i!;ecv:lo;n a:de ﬁ&‘x‘i Method of drilling Air %jd by. L Reed

Surface Owner. (SIGNED) (.)

DATE___12-14-82 Pagelof 1 (TITLE) F1e]d Engineer

FORMATION RECORD

BN ey o o g s s B
Feet Tenths | Feet Tenths | Feet Tenths
0 22 22 Sand
22 69 47 Gray shale
69 71 2 Coal Seam #2
71 74 3 Gray shale
74 75 1 Sandstone
75 84 9 Gray shale
84 87 3 Sandstone, hard
87 89 2 Void.  Mined out Seam #3
89 96 1 Soft fill

THA MILLS COMPaNY, Su Exioan (Attach continuation sheets i1 necessary)



PETER KIEWIT SONS’ CO.

EXPLORATION AND DEVELOPMENT
DEPARTMENT
o6 LOG OF PROSPECT BORE HOLE No._ 11 _
Lessee or permittee Red Lodge Coal Field
3% Address
Driller Kiewit Mining & Engineering Co.
Commenced drilling 12-14-82 Finished 12-14-82
tares i fest Trom N o & e sec. 26w 1S ®mr.20E M stateMontana

W, line of tion: when hole is not .

vertioal, give direction and angle.  Method of drilling Air /ggjjé L._Reed
, ,

Surface Owner. (SIGNED) 9 ! V/ 4 ‘f{v/

DATE 12-14-82 Page 1 of 1 (TITLE) Field Engineer
FORMATION RECORD

R e s

DEPTH Thickness Geologic formations; character of rock; oil, gas and water horizons;
From— To— of stratum coal and other mineral occurrences

Feet Tenths | Feet Tenths | Feet Tenths

0 32 32 Sand _with_some gravel
32 35 3 Brown _shale
- 35 39 4 Sandstone. hard
‘‘‘‘‘‘‘ - 39 55 16 Brown_shale, sandy
55 51 2 Sandstone, medium.soft
57 84 27 Brown_saod, . firm
84 86, 2 Gray sand, firm
86 89 3 Brown_sand, firm
89 101 12 Gray.sandstone
101 107 6 Void - no fill.  Seam #4

THL MILLS COMPANY, SHERIDAN

(Attach éontinuauon gsheets 11 necessary)



PETER KIEWIT SONS’ CO.

EXPLORATION AND DEVELOPMENT
DEPARTMENT

LOG OF PROSPECT BORE HOLE No.__ 12

1

Lessee or permittee Red Lodge Coal Field

Address '

Driller Kiewit Mining & Engineering Co.

X Commenced drilling 12-15-82 Finished 12-15-82

tance in fect Erom N, o & and & or See...1 7. 85 R.20E M State_._Montana__
vertion, Hhe: dirootion po w Bt Method of drilling_ Alr/water/foam Logged by L. Reed
Surface Owner. (SIGNED) g éf /0 . /
DATE 12-15-82 Page 1 of__1 (TITLE) Field Engineer

FORMATION RECORD

DEPTH Thickness Geologic formations; character of rock; oil, gas and water horizons;

From— To— of stratum cosl and other mineral occurrences
Feet Tenths { Feet Tenths | Feet Tenths
0 40 40 Soft sand

Hole caving - _abandoned.

THE MILLS COMPANY, SHERIDAN {Attach éontinuatlon sheets {1 necessary)



PETER KIEWIT SONS’ CO.

EXPLORATION AND DEVELOPMENT
DEPARTMENT
X
[ LOG OF PROSPECT BORE HOLE No._13
| Lessee or permittee Red Lodge Coal Field ’
Address
Driller Kiewit Mining & Engineering Co.
Commenced drilling 12-15-82 Finished 12-15-82
tanee 1 toct trom 0 o Stk Sec...t T.85 Rr..20E stateMontana
vertionl, Give. Sirection. bot omar Method of drilling Air Logjed by_.._L. Reed
Surface Owner. (SIGNED)_... ¢ {? )'//1
7
DATE__12-15-82 Page 1 of__1 (TITLE) Field Engineer

FORMATION RECORD

Feet Tenths | Feet Tenths | Feet Tenths
0 13 13 Sand
13 17 4 Shale
17 17.5 .5 Coal stringer.  Seam #1
17.5 27 9.5 Gray shale
27 28.5 1.5 Sandstone
28.5 30 1.5 Sand
30 42 12 Shale
42 w | 2 Sandstone
44 62 18 Gray.shale
62 62.5 0.5 Coal_stringer Seam_#1%
62.5 67 4.5 Shale
67 68 X sSandstone
68 12 4 Shale
72 80 8 Coal Seam_#2

THE MILLS COMPANY, SHERIDAN (Attach éontlnuaﬁon sheets {1 necessary)



"

PETER KIEWIT SONS’' CO.

Locate hole correctly, giving dis-
tance in feet from N. or S. and E. or
W. line of section; when hole is not
vertical, give direction and angle.

Surface Owner.

EXPLORATION AND DEVELOPMENT
DEPARTMENT

LOG OF PROSPECT BORE HOLE No. 14

Lessee or permittee Red Lodqe Coal Field
Address.
Driller Kiewit Mining & Engineering Co.
Commenced drilling 12-15-82 Finished .. 12-15-82
Sec 1 T 8S R 20E M State Montana
Method of drilling Adir Logged by_...D. Fudge

(SIGNED)

DATE___ 12-15-82 Pagelof__1 _ (TITLE) Field Engineer
v FORMATION RECORD

T“‘ “hicknes Geolags tormations: character o roc oil,gastnd vater horaans;
Feet Tenths | Feet Tenths | Feet Tenths

0 13 13 Sand

13 18 5 Brown_shale

18 19 1 Coal stringer  Seam #1

19 28 9 Gray shale

28 36 2 Coal._stringer . Seam #1

30 32 2 Shale

32 33 i Sandstone

33 47 14 Shale

47 48.5 1.5 Sandstone

48.5 63 14.5 Shale

63 65 | 2 Coal Seam #1%

65 66.5 1.5 Void Seam #2

66.5 80 13.5 Soft fill

THL MILLS COMPANY, SHERIDAN

{Attach continuation sheets i1 necessary)




PETER KIEWIT SONS’ CO.

EXPLORATION AND DEVELOPMENT
DEPARTMENT

b-4

LOG OF PROSPECT BORE HOLE No.. 15

6 Lessee or permittee Red Lodge Coal Field
Address
Driller Kiewit Mining & Engineering Co.
Commenced drilling 12-15-82 Finished 12-15-82
tatos I Toet o T o o Sec. 0 7.8 r21E M State_Montana
Xa“é‘&."iffﬁ“&’i;‘{;’l? and angle Method of drilling Air gged by_.D- Fudgf__
Surface Owner. (SIGNED) 9 ;- ' 4 é(j;i M

DATE 12-15-82 Pagelof_ 1 _ (TITLE) Field Engineer
FORMATION RECORD

R —— - e ——— v
] O i an ot imert ootiireneen T hoToome
Feet Tenths | Feet Tenths | Feet Tenths

0 4 4 Sand

4 4.5 0.5 Coal_stringer

4.5] 10 5.5 Sand |

10 12 2 .-Shale

12 13 1 Sandstone
13. 29 16 Shale

29 30 1 Coal, oxidized

30 47 | 17 Shale

47 49.5 2.5 Sandstone

49.5 70 20.5 Gray. shale

70 84 14 Brown shale

84 85 1 Gray shale

85 87 2 Coal
87 94 7 sand, moist

94 100 6 Gray shale

Quit drilling @. 100'. Mining must be
below thﬁs and no subsidence effects foreseen.

THL HILLS COMPANY, SN enroan {Attach continuation shests i1 neceasary)



N

6.4.3 Drill Hole Diagrams

The results of the Red Lodge Coal Field drilling program are dis-
played graphically on the following figures 6.4.1 thru 6.4.4.

6-59



DH | DH?2 DH3 DH4

20 —

40 —

60 —

W SEAM N26

25

80 —

SEAM N25 SEAM N25

100 —

SEAM N26
20 — SEAM N26

1SEAM N26

140 —

SANDSTONE ' RED LODGE COAL FIELD
DRILL HOLE DIAGRAM
[ sHALE HOLES 1,2,3,4
FIGURE 6.4.1

SHALE-SANDSTONE

SCALE: VERTICAL I'=20'

SILTSTONE
SAND-GRAVEL [ ] voiD




DH 5 DH6 DHT DH 8
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N x>
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40 — K
60—
EAM N2
80— SEAM Ne6
SEAM N2 11/2
SEAM N24 SEAM N24 '
100— -
120 —
140— -
SEAM Ne2
SANDY - SHALE RED LODGE COAL FIELD
DRILL HOLE DIAGRAM
SANDSTONE HOLES 56,7,8
[ ] shaLe FIGURE 6.4.2

|: VoID SCALE: VERTICAL 1"=20'




DH 9 DH IO DH 11 DHI2

20 —

40 —

60 —

TIE| SEAM N22

80 —

SEAM Ne11/2

5y SEAM N23

100 —

SEAM N24

20 —

| SHALE RED LODGE COAL FIELD
DRILL HOLE DIAGRAM

1 voo HOLES 9,10,11,12
FIGURE 6.4.3

SCALE: VERTICAL 1"=20'
| SANDSTONE




DHI3 DHI4 DHI5

—=I SEAM N2|
00 — FE SEAM N2 —;—‘:Ti SEAM N21
| = SEAM N2|
40 —
60 - ’ .
HSEAM N21V2 rmmseam N2l /2 |2
g SEXISEAM Ne2
4 SEAM N22
80 — ;
SEAM N2 11/2
00 —
120 —

] SHALE RED LODGE COAL FIELD
DRILL HOLE DIAGRAM
los] FILL [—_—_—] VOID HOLES 13,14,15
FIGURE 6.4.4

SCALE: VERTICAL 1 =20
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6.3.4 The following tables illustrate the laboratory results for the

gob and spoil pile samples. The series is the sample number and may be

located on Exhibits 3 and 4.
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RED LODGE COAL FIELD
PHASE I REPORT

Table 6.3.1

Analytical Methods and Procedures

Analysis

Preparation of soils for
analysis and subsampling

pH (determination on paste)

Conductivity mmohs/cm on
saturation extract

Calcium - Report in meg/1 on
the extract

Magnesium - Report in meg/]
Sodium - Report in meg/1

SAR (Sodium Adsorption Ratio)

Boron - Hot water extract
reported as ppm

Nitrate (as N) (ppm)

Cadmium (ppm)

Lead (ppm)

Procedure

U.S.D.A. Handbook 60, 1954 - Diagnosis
and Improvement of Saline and Alkali
Soils, pp. 83-84; all analyses con-
ducted on samples that have been
passed through at Teast a 20-mesh sieve.

U.S.D.A. Handbook 60, p. 102.
U.S.D.A. Handbook 60, pp. 88—89.

Preparation of extract U.S.D.A. Hand-
book 60, p. 84, Method 2 and 3a.
Analysis by atomic absorption spectro-
photometry.

Same as for Calcium.
Same as for Calcium.
U.S.D.A. Handbook 60, p. 26,

SAR = Na '

b// ca2” + mMg2"
2

Where Na+, ca2" and Mg2+ are the
concentrations of those jons found in
5, 6 and 7 above.

A.S.A. Agronomy Monograph #9, 1965.
Methods of Soil Analysis, Part 2,
Method 62-3.6, pp. 949-951.

Analysis by phenoldisufonic acid
method, A.S.A. Monograph #9, part 2,
p. 1212-1214.

DTPA extractable. Analysis by atomic
absorption spectrophotometry.

Same as Cadmium.
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RED LODGE COAL FIELD
PHASE I REPORT
Table 6.3.1 (cont.)
Analytical Methods and Procedures

Analysis Procedure

12. Mercury (ppm) Acid soluble soil Hg and analysis
by cold vapor technique. Manual of
Methods for Chemical Analysis of
Water and Wastes, E.P.A., 1979.
Method 245.5.

13. Selenium (ppm). Hot water extract. Extraction.pro-
cedure A.S.A. Monograph #9, part 2,
80-3.2.2, p. 1122. Analysis of ex-
tract by sodium borohydride method.

14. Molybdenum (ppm) Acid Ammonium oxalate extraction
A.S.A. Monograph #9, part 2, pp. 1054-
1057. Analysis by atomic absorption
spectrophotometry.
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RED LODGE COAL FIELD
PHASE I REPORT
Table 6.3.3 (cont.)
Spoil and Gob Pile Sample Summary

Sample
Site # Depth (in.)  Suitability* Sample Location Comments
16-0B-1 0-12 U Small gob pile near abandoned load-out;
acid pH; barren. :
17-0B-1 0-12 U Gob pile at portal mouth; acid pH; barren.
*S = Suitable
U = Unsuitable

Determinations made from field observations and laboratory analyses,
based on Montana Land Quality division guidelines.



RED LODGE COAL FIELD
PHASE I REPORT

Face of gob pile; acid pH; no vegetation.

Small gob pile near portal mouth; barren.

Qutside slope of spoil outcast materialj

Inside slope of spoil outcast pile; 20-25%

Small dump area (gob pile) on ESE facing

‘Mixed shale, scoria and coal slack at base

Table 6.3.3
Spoil and Gob Pile Sample Summary
Sample
Site # Depth (in.) Suitability* Sample Location Comments
1-0B-1 . 0-12 U
2-0B-1 0-12 S Inside slone of spoil outcast material;
north facing slope; vegetated.
2-0B-2 0-12 U Crest of spoil outcast pile; high NOg;
barren. '
3-0B-1 0-12 S Crest of gob pile; barren.
4-0B-1 0-12 S Small dump area (gob pile) on west side
of drainage; barren.
4-0B-2 0-12 S
5-0B-1 0-12 S Inside slope of spoil outcast material;
mixed sandstone and shale; WNW facing
slope; vegetated.
5-0B-2 0-12 S
45-60% north facing slope; vegetated.
5-0B-3 0-12 S Inside slope of spoil outcast material;
45-60% south facing slope; very sparse
vegetation.
5-0B-4 0-12 U Crest of spoil outcast pile; high NOj;
barren.
5-0B-5 0-12 S
south facing slope; vegetated.
6-0B-1 0-12 U
slope; acid pH; barren.
6-0B-2 0-12 U Top of gob pile Tocated in drainage;
acid pH; barren.
6-0B-3 0-12 U
of small gob pile; acid pH; barren.
8-0B-1 0- 3 U
3-12 §)

Flat top of gob pile west of Rock Creek;
granular surface materials; acid pH;
vegetated.



RED LODGE COAL FIELD
PHASE 1 REPORT
Table 6.3.3 (cont.)
Spoil and Gob Pile Sample Summary

Base of gob pile near river; loose granular
materials; extremely steep slope; barren.

appears to have been caused by camp fires).

materials near surface; acid pH and high

South base of east gob pile; acid pH and

North facing slope of gob pile; vegetated.

Northeast face of gob pile; loose granular

southeast side of gob pile; high sodium;

Ny Sample
Site # Depth (in.) Suitability* Sample Location Comments
W[ 8-08- 0-12 U
0-12 U Top of gob pile; acid pH; barren area
approximately 10 feet in diameter
(numerous barren patches in this area
0-12 U Cut in east face of gob pile for muni-
12-24 U cipal solid waste disposal; granular
24-48 U
48-72 U boron readings; vegetated.
9-0B-1 0-12 U West side at base of gob pile; acid pH;
barren.
10-0B-1 0-12 U Top of west gob pile; acid pH; barren.
10-0B-2 0-12 S Top of large central gob pile; barren.
10-0B-3 0-12 U
high boron; barren.
11-0B-2 0-12 U Crest of spoil outcast pile; acid pH;
barren.
11-0B-3 0-12 S Qutside east facing slope of spoil out-
cast pile; vegetated.
12-0B-1 0-12 S North facing slope of gob pile; barren.
12-0B-2 0-12 S
14-0B-1 0- 4 S
4-12 S surface material; vegetated.
14-0B-2 96 U Composite sample taken from cut face on
barren.
15-0B-1 0-12 u

Top of Targe gob pile in Virtue Gulch
drainage; acid pH; barren.
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