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1. PURPOSE OF THIS REPORT: This is a response to a request by Michigan Dept of
Transportation to evaluate the effects that an old gypsum mine beneath I-196 might have on the
stability of that highway - in both near and long terms.

The request went to Michigan Technological University professor Stanley Vitton, Ph D. He
enlisted me because I live near MTU, have worked in mines since 1946, here and abroad, and on
mine stability problems in particular since 1955. One of my jobs, in the 1980’s, was for Domtar
in the mine in question.

2. BRIEF DESCRIPTION OF THE MINE. The mine operated for more than 100
years as Grand Rapids Gypsum, Domtar Industries, and finally as a Georgia-Pacific
Gypsum, property, until 1999. :

There are several sub-horizontal seams of gypsum. Most of the mining was done in #2 seam,
until 1976. Additional mining was done in #4 and #5 after that - but not near the freeway 1-196.

When the mine was closed in 1999 most of the files were lost or destroyed. At the beginning of
this project, early in December 2002, Dr Vitton searched the remaining files at Grand Rapids and
did find a few maps and reports of interest. He was also able to talk to two former employees -
Mine Manager Charlie Johnson, Plant Manager Tom Mroczkowski, and is still attempting to
contact engineer/geologist Wladyslaw Ochocinski.

Seam #2 varies in thickness but averages about 12 feet, of which a foot or so was left in the roof
and a foot or two in the floor - so that mining height was somewhat less than 10 feet. The
gypsum was left in roof and floor to minimize product contamination from shales, and to protect
those shales from weathering. ' '

A map of #2 level, believed to be complete and reasonably accurate, is attached to this report.
We suspect that there may be minor survey discrepancies - tens of feet perhaps but not hundreds.

Large amounts of water began to enter the mine in 1964, and were pumped out continuously, but
the pumps were shut down after mining ceased and the mine is now full of water. Entrances were
inclined from surface but all of the mine workings are below the elevation of the nearby Grand
River. It is unlikely that they will ever be seen again.

As you will see on the map, the mining layouts were changed often during the life of the mine,
which often happens when new managements bring new ideas to a mine, but in general the
mining technique is described as “room and pillar.”

The rooms are rectangular tunnels, about 10 ft high and 20-30 ft wide, driven by drilling and
blasting on a grid pattern, sometimes square, sometimes rectangular, sometimes parallelograms,
sometimes random - to extract 60% or more of the area mined.

The “pillars” are the blocks of gypsum left in place between the rooms to support the roof and all
of the rock and dirt above it. As the map shows, size and shape vary a lot, but the least width
(which controls the strength) is generally around 20 ft, i.e., 2x height.

In some places the dimensions of the pillars were reduced by blasting to recover more of the ore,
and in some places the remnants collapsed, allowing the overlying surface to subside.
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In other places very large blocks were left unmined because the quality of the gypsum there was
inadequate. Those places, of course, will never collapse. Obviously the weight of the overburden
is not evenly distributed.

LONAITUDINAL, SECTION

TYPICAL ROOM-AND-PILLAR
WORKINGS .

Figure 1. Photograph and illustration of room and pillar workings of the number 2 seam.

3. FREEWAY CONSTRUCTION. The freeway, as shown on the map at the end of the report,
was completed in 1964, finished with 9” of concrete. In this stretch it has never been replaced
and no structural damage has been reported with the exception of typical or normal distresses
associated with concrete of this age.

We found an old map on which was a note saying that the workings on the east side of the mine,

over which part of the freeway was built, were mined “probably before 1945.” Signed “Mark.”

4. RELATIONSHIPS BETWEEN UNDERGROUND FAILURES AND SURFACE
STABILITY. We will discuss this in some detail because a clear understanding is essential if we
are to reach useful conclusions and recommendations.

In normal underground mining, where the objective is to recover as much of the ore as possible,
safely, but at minimum cost, a few roof failures are expected, and acceptable - provided that men
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and equipment are not involved. A few chunks or slabs, even a foot or two, may fall from the
roof, and they would be cleaned up or bypassed. If necessary artificial supports were added. Such
falls would not be marked on the map - and they would not affect the surface.

In areas where pillar dimensions are reduced by “robbing” a complete collapse is expected, the
remnants will crush and spread out and the surface will subside. The amount of surface
subsidence will depend largely on the overlying geology:

If most of it is rock and the thickness is not great (say 40 ft or less) subsidence may be as
much as 70% of mined height -7 or 8 feet.

Figure 2.
Subsidence after
pillar removal.
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If most of it is rock but it is thicker - the rock will “swell”, i.e., fall in a jumbled state,
taking up more space - then the amount of subsidence will be less, say 40%, or 4 ft.
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Adjacent to these falls some rock and much of the adjacent soil, sand and gravel will
slump sideways into the subsidence basin, as shown in the above sketches. Thus there
will be some subsidence beyond the limits of the underground collapse.
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Thick sand and gravel will flow, or slump, especially when wet, so the basin may be
broad and the limits may be indistinct.
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Roof failures behave differently.

A small failure at shallow depth, say an intersection of two mine openings, may develop
a natural arch or may go up to a stable roof horizon (such as the #1 gypsum above #2).

Figure 5. Minor
roof falls assume
stable conditions.

Several such failures may coalesce and go on up to top of bedrock, the base of sand and
gravel. The fallen rock will partly fill the void but sand and gravel may fall in too,
creating a well-defined ‘sinkhole’’ at surface.

A4



INTERIM REPORT -DECEMBER 2002

Figure 6. Roof
collapse without
material flow.

\

In loess soils and sands which is damp and cohesive, the sinkhole may have steep sides, like a
chimney, whereas if it is saturated with water it may flow into the mine like liquid mud, and
spread over wide areas, leaving a wide, shallow basin at surface.
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Figure 7.
Development of
well-defined
sinkhole.

Many sinkholes have been mapped on the property, and above neighboring mines, mostly in the
southern halves of the properties - where the cover is, in general, thinnest.

5. HOW DOES ALL THIS RELATE TO I-1967 The relationships are debatable. Surely some
day gravity will prevail and all mine openings will close - but when?

Some parts have already collapsed, we know, and for present purposes that is good. We don’t
have to worry about them.
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Most of the mine openings stand open for tens of years, ensuring safe access and ventilation.
They were designed that way, not by the textbook perhaps, but based on long experience - which
is better.

Similarly the pillars were dimensioned to last for tens of years (at least until the manager
responsible retires). Thirty years is a common goal.

But then what? For an answer let us Jook into the probable modes of failure.

Blast damage is a significant factor. High explosives in small-diameter holes not only break out
the ore - they also fracture the rock, to some degree, to a depth of about 30 hole diameters into
roof, pillars and floor. Thirty times 2” equals 5 ft - which would reduce a 20x20 pillar to an
effective 10 x 10 ... And although the fractures may be microscopic they allow air and moisture
to penetrate those members, slowly but surely, and eventually destroy them.

The thin shaley seams within the gypsum soften and yield and ooze, lubricating the joints and
allowing the beds and blocks of gypsum to come apart. The measured strength of wet gypsum is
about half the dry strength. '

In roof and floor moisture softens shales, some to the consistency of toothpaste. That makes both
roof and floor incompetent, pillars push into them, they heave into mine openings - and the
system closes. It might happen suddenly, with a domino effect, in some places, but in general the
movement can be almost imperceptible. In some similar mines, not flooded, it is possible to walk
into old workings, with headroom, notice that the roof is getting lower, bump heads, tilt heads,
stoop, support on fingertips - apelike, then kneel, crawl - and give up - with no alarming noises
or actual rock falls ... ”

There will be some dissolution of the gypsum (which is why we get caverns and natural
sinkholes) but for the most part that requires running water. Stagnant water, with no pumping,
becomes saturated with gypsum then dissolution ceases.

6. SO WHAT DO WE THINK? Our tentative conclusions are that the mine openings must
someday close and allow the surface to subside, including parts of the freeway - but that some of
the subsidence has already occurred, unnoticed. ‘

Some could have occurred in the years between mining (pre-1945) and construction (1964) -
around 20 years, but we do not know. Not yet.

We have procured some topo maps, dated 1984 and 1997, and a very cursory comparisorn
suggests that parts of the freeway, at the Fulton interchange, subsided a couple of feet during that
interval, and the only indication we have heard of is that one concrete slab in that area ‘‘seems to
be tilted . . . To the west of the freeway the maps appear to show as much as 6 ft of subsidence
in places during that 13-year period.

A map of compared contours, Figure 8, appears at the end of this report.

The mining layout in that area, the northeast corner of the mine, is unusual. To us it looks as if it
was done with coal-mining equipment, using a coal-mining layout, with rather random formation
of pillars followed by slicing up those pillars with diagonal tunnels ... It looks like - and probably
was - the “last hurrah” for this part of the mine, gobbling up as much as possible as quickly as
possible, to move into better ground further west. We think that this area would have started to
fail not long after mining.
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The geology here is also noteworthy. An exploration hole (1963-2) was drilled from surface
about 150 ft west of the freeway (see map) and went through 100 feet of sand and gravel but
only 7 feet of rock before entering seam #2 - so apparently there was an extremely thin roof
beam above the rooms and pillars and a heavy dead load on that beam - two sufficient reasons
for hasty mining and departure.

That viewpoint is supported by a note on another old map, on a tract just east of the freeway,
listing tons of gypsum reserves “If roof rock is present”,

One more comment: the northeast corner is the lowest part of the mine, thus the first to get
flooded.

Now we need to know if the tentative conclusions are correct, how much of the area under the
ROW has indeed subsided, and by how much.

7. RECOMMENDATIONS.

a) That MDOT survey elevations along the freeway from Butterworth to Fulton to see how
much change there has been since construction, and since the 1997 survey, and survey
some E-W profiles if the changes are significant.

b) That we procure several sets of topographic maps of different ages, all on the same scale,
and superimpose them to arrive at contours of subsidence for the various time intervals,
and contours of total subsidence, then relate them to the rooms and pillars on the mine
maps.

We would need new, clear copies of the Abrams 1984/Domtar map, the Kent County
REGIS 1997 map, USGS 1967 maps - and any others we can find. Perhaps we can get !
help from Uncle Sam and his satellites. If the maps were digitized the subsidence
contours could be generated by computer.

c) If some doubts remain concerning the presence of voids beneath the ROW, we should
have a local contractor drill half a dozen exploration holes down through the mining
horizon.

d) If subsidence contour maps suggest that subsidence is continuing at significant rates, and

that the surface has a long way to go, and that pillars are small in such areas - we may
have to consider introducing some kind of inert mineral backfill, maybe sand, maybe
flyash, into those parts of the mine - but we doubt it. Given a fair cushion of
unconsolidated sand and gravel above the mine it seems that the concrete roadway can
“float’”” around and subside without much distress - just as houses on slabs survive better
in earthquake zones than do those on deep and rigid foundations.

A possible exception to that rule may apply at the boundary of the mine, where there

could be, underground, perhaps 10 ft of closure in rooms immediately adjacent to a solid
abutment with zero closure - maybe a difference abrupt enough to disrupt the surface.

Jack Parker
MO RG 0088
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INTRODUCTION

“...miners should leave numerous arches under the mountains which need support...”
Georgius Agricola, 1550

Purpose‘and Scope

The John Ball Zoological Gardens (Zoo) located in Grand Rapids, Michigan, is considering
expanding its operations to property adjacent to the existing Zoo property. The potential
expansion site lies west of the current zoo location across Interstate I-196 and lays directly over a
portion of the former Domtar Industries, Inc. (Domtar) gypsum mine. As with most
underground mines, the stability of the remaining mine structure is important for surface
development. Consequently, a request was made by Kent County officials to provide an
evaluation of the stability of the general area to determine the suitability of the site for surface
development activities. The purpose of this report, therefore, is to provide an evaluation of the
stability of the underground gypsum located under the property being considered for the Zoo
expansion. The following three issues outline the scope of the evaluation:

1. Characterization of the geologic stability of the site - now and in the future.

2. Describe measures taken by others (e.g. MDOT and CMS) to characterize stability and
what measures were taken, if any, to address this issue.

3. Isthe site, as it currently exists, or a portion of it, suitable (geotechnically) for
construction of a Zoo?

Location

|
The proposed Zoo expansion site is located in the south half of Section 27 of Township 7 North,
Range 12 West. Excluded from this area is the NE 1/4 of the SW 1/4 of Section 27 and to the
western boundary of the former Domtar mine properties, which is approximately the west 250
feet of the SW 1/4 of Section 27. Geographically, the proposed site is bordered to the east by
Interstate I-196, to the south by O’Brien Street and to the west by Portfliet Creek. A CMS
Energy (Consumers Energy Company) high voltage power line also transects the site, roughly
separating the site into northern and southern sections. Figure 1 shows the location of the
proposed site along with the outline of the Domtar mine as well as an adjacent Georgia Pacific
(GP) Company mine (Butterworth Mine), immediately west of the Domtar mine.

Area Geology

The bedrock in the Grand Rapids area is the Michigan Formation, a Mississippian age
sedimentary rock formation well known in the Michigan Basin for its evaporite layers consisting
of salt, anhydrite and gypsum. The gypsum evaporites are mined in various locations in the
Lower Peninsula of Michigan. However, shale is the dominant rock type in the Michigan
Formation with interlayers of sandstone and to a lesser degree carbonates and evaporites. The
formation is overlain by unconsolidated glacial overburden consisting of gravel, sand and clay.
Directly below the Michigan Formation is the Marshall Sandstone. Figure 2, adapted from a
Williams and Works report of 1984 for Domtar on water infiltration to the mine shows the
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average thickness, elevation and characteristics of the subsurface formations

geologic features of this site are as follows:
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Figure 1. Location map of the proposed John Ball Zoological Gardens expansion site, the
Domtar Mine, and the Georgia Pacific (Butterworth Mine).
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Domtar Mine.
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Feature 1:

Feature 2:

Feature 3:

Feature 4:

Feature 5:

The glacial overburden varies from zero to 150 feet in thickness over the
Domtar mine. While the unconsolidated soil consists of some clays and
silts, the glacial overburden provides the main source of water that
infiltrates the mine. Due to the unconsolidated nature of the overburden, it
can be assumed that its full weight or pressure is applied to the roof rock
of the mine and that its effective pressure will vary with the rise and fall of
the water table level, which is located within the overburden. By most
mining standards, this is a relatively shallow mine and the pressures will
probably not exceed 140 pounds per square inch (psi), assuming a fully
saturated overburden at 135 lbs/ft’.

There are six gypsum layers associated with the mine with the upper layer
identified as # 1 down to lowest layer # 6. Figure 2 does not show the # 1
seam, but labels it as shale and thin gypsum seams, with the remaining
seams numbered.

The majority of the gypsum was mined from the #2 seam, Later the # 4
seam and limited amounts of the #5 seam were mined. According to the
1984 Williams and Works report the #3 gypsum seam was not mined.
Also, mine records indicate that the recoverable #2 seam was mined out
by 1980 when the mine temporarily closed down. The #2 seam had the
highest quality of gypsum of all of the gypsum seams.

The bedrock between the unconsolidated overburden and the #2 seam
forms the roof rock over the #2 seam. As shown in Figure 2, the average |
thickness of the roof rock is about 20 feet. However, five drill holes from
a 1963 drilling program indicate that the roof rock thickness varies from a
high of 35 feet in the north to seven feet at the northeast corner of the
mine. Mine maps show that in the southern part of the mine the roof rock
was very thin to absent, which precluded mining the #2 seam in portions
of the south. A major sinkhole in the southern part of the mine can be
correlated with the absence of the roof rock over the #2 seam. There was
an additional drilling program in 1966, but this data was not available for
inspection. In general, the roof rock tends to be thicker in the north center
portion of the mine while thinning to the east, west and south. The
primary control on the thickness of the roof rock is the amount of erosion
that occurred during the advance and retreat of the glaciers and the action
of the Grand River. The stability of the roof of the #2 seam is an
important factor in the formation of sinkholes.

In some locations the roof rock consists of interbedded shales and gypsum.
However, the drill hole data shows that in some areas the roof rock
consists entirely of shale, while in another location it consists entirely of

gypsum.
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Feature 6:

Feature 7:

Feature &:

Feature 9:

Feature 10:

Glacial History

The average thickness of the #2 seam is about 11 feet; with a roof
elevation between 580 and 600 feet mean sea level (msl) and a floor
elevation between 570 and 580 feet. Drill hole data and elevation data in
the mine shows that the #2 seam, while relatively flat dips to the east from
an elevation 578 in the west to about 568 in the east. Thus, water inflow
to the mined out #2 seam would flow from the west to east and then south
through outlets created by the mining operation. There are two locations in
the #2 seam where topographic low spots developed after being mined.
These topographic lows were referred to as lakes and were used as
pumping locations for the infiltrating water. The largest of the two lakes
was the Portfliet Lake located in the northwest corner of the mine. The
mine water from this pumping location was discharged into the Portfliet
Creek directly above this lake. The second lake, called the Scranton Lake,
was located in the west central part of the mine. The water from this
station was discharged directly south of the mine through the mine portal.

There is an average 36 feet between the #2 seam and the #4 seam. A
conservative estimate of the maximum ground pressure on the #4 roof
rock (assuming 1 psi/foot) would be approximately 200 psi (maximum
before mining).

A portion of the Domtar mine had both the #4 and #5 seam mined together
along with a three-foot shale parting. When both the #4 and #5 seams
were mined the room height averaged approximately 18 feet (Parker,
1983).

The Marshall Sandstone is approximately ten feet below the #5 seam.
One of the concerns discussed in the mining documents is the potential
inflow of water from the Marshall into the mine under artesian conditions.
This would present significant stability problems for the gypsum pillars
due to the high solubility of gypsum.

At the close of mining operations in late 1990’s, the Domtar mine was
allowed to fill with water. The Butterworth Mine, which closed in the mid-
1970’s, was also allowed to fill with water, Based on observations of the
ground water table level observed in the existing Domtar Mine portal, the
ground water table has reestablished itself within the overburden and
therefore all of the gypsum seams are flooded. ’

As noted in Feature 4, the thickness of the roof rock over the #2 seam is controlled by the
glaciation in the area and the action of the Grand River. In 1965 by Edward Burt, a Grand
Rapids geologist, estimated ground water infiltration to the Domtar mine was made as well as the
topography of the bedrock surface, which is shown in Figure 3. The topography provides an
indication of the magnitude of erosion as well as an indication of the thickness of the remaining
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roof rock above the #2 seam. It can be seen that erosion has taken place on the east, south, and
west sides of the mine. As noted above the #2 seam dips to the east and therefore rises to the
west intersecting the bedrock surface. Due to this erosion, the #2 seam does not exist over the
Georgia-Pacific Butterworth Mine to the west of the Domtar mine. The bedrock map also
provides an indication of the #2 roof rock thickness on the west side of the mine. The bedrock
elevation on the west side of the mine is approximately 610 feet, while the base of the #2 seam is
578 feet. The base of #2 seam at elevation 578 plus approximately 11 feet of seam thickness
yields an approximate roof elevation of 590 feet, providing approximately 20 feet of roof rock.
A general overview of the bedrock topography indicates that the roof thickness of the #2 seam is
greatest in the north central part of the mine, followed by the west side, while the east side thins
to as low as 7 feet (based on drill hole data), to approximately zero thickness in the south end.
The Burt 1965 report is provided in Appendix C.

While this study is not involved with the Butterworth Mine, the mine does provide information
to help assess the stability of the proposed Zoo site. The Butterworth mine opened in the early
1900’s. As noted above, erosion has eliminated the #2 seam in Butterworth Mine so only the #4
and #5 seams were mined. The mine closed in 1971 and was allowed to fill with water. Since
that time, numerous sinkholes have developed above the mine, particularly at the south end of
the mine. At least one large collapse of underground pillars also occurred in which a subsidence
depression formed north of O’Brien Street as well as a crack along O’Brien Street
(Mroczkowski, 2002). However, more dramatic was the flow of mine water from the mine that
flooded the Georgia-Pacific processing plant facility (West Plant) as pressurized water poured
out of the abandoned mine shaft. A dike had to be placed around the plant to divert the water
flow since it took a number of days for the water to stop flowing as the mine de-pressurized from
the roof collapse. A report by Williams and Works (1984) concerning water infiltration to the
Domtar Mine notes that the Georgia-Pacific mine officials estimated a pumping rate of
approximately 1,500 gallons per minute to maintain the water level in the Butterworth mine.
This provides an estimate of the amount of water flowing through the Butterworth Mine.

Gypsum Mineralogy and Dissolution Potential

Salt, anhydrite and gypsum are all evaporite rocks. According to White et al, (1995) evaporite
rocks underlie about 35 to 40 percent of the United States and are found in 32 of the 48
contiguous United States, Canada and Mexico, and on other continents, especially Europe and
Asia (China). Figure 4 is from a recent US Geological Survey proceeding (2001) concerning
karst (topography characterized by sinkholes, caves and enlarged fractures formed by dissolution
of carbonate or evaporite deposits) development in the United States showing that the Grand
Rapids area has been identified as having both evaporites and karst development.

A recent article in American Scientist by Martinez et al. (1998) on sinkholes in evaporite rocks
makes the following statement:

“Evaporite deposits form when various salts precipitate from evaporating water,
mainly seawater. The principal evaporite rocks include gypsum (or anhydrite, the
anhydrous form) and salt (halite), although potash (sylvite) and other rarer salts
also are locally important. Evaporites have the highest solubility of common
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rocks; water that is unsaturated with respect to gypsum (CaSO4 * 2H,0) or salt
(NaCl) rapidly dissolves them and carries them off in solution. Indeed, gypsum
and salt are, respectively, about 150 and 7,500 times more soluble than limestone.
Such high solubility enables subsurface dissolution channels and sinkholes to
form in a matter of only days, weeks or years, and catastrophic collapse can
result. Unlike sinkholes in carbonate rocks, evaporite sinkholes may result from
either natural causes or from human activities.”

The high solubilities of salt and gypsum permit cavities to form in days to years, whereas cavity
formation in carbonate bedrock is a very slow process that generally occurs over centuries to
millennia. Human activities can also expedite cavity formation in these susceptible materials and
trigger their collapse, as well as the collapse of pre-existing subsurface cavities. A number of
very well documented collapses have formed over salt solution mines. One of the most recent
was the 1994 Retsof Salt Mine collapse in Genesee Valley, New York, in which the roof rock of
the underground salt mine collapsed diverting ground water into the mine and completely
flooding the mine. The Retsof Salt Mine was the largest salt mine in the United States at the
time, covering ten square miles. Near Detroit, Michigan the collapse of an underground salt
solution mine, which used boreholes to dissolve and extract the salt, resulted in large sinkholes
forming on the Grosse Ile Island in the Detroit River.

Figure 8. Sall and gypsum underlie
about 40 percent of the contiguous
United States. Carbonate karst land-
scapes constitute about 40 percent of
the United States east of Tulsa, Okla-
hora {White and others, 1995),

[:7/ 4} Evaporite rocks-—salt and gypsum
|| Karst from evaporite rock

Karst from carbonate rock

{modified from Davies ondg Logrand, 1972

Figure 4. Figure 9 from a USGS report showing the location of evaporite rocks in the
United States and karst development in both evaporite and carbonate rocks.

Gypsum Karst Development
The dissolution of gypsum and the development of sinkholes is a worldwide problem. In the
United States the majority of problems associated with gypsum karst is due to natural processes

as opposed to human-induced. The most well known area of gypsum karst affecting urban
development is in the northern Black Hills of South Dakota (Epstein, 2001). In Europe, gypsum
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karst is a very significant problem, prompting the development of a European prediction and
management system called ROSES. The acronym ROSES stands for Risk of Subsidence due to
Evaporite Solution (ROSES, 2002). This project is funded by the European Union and has three
main objectives: (1) the development of a process-based understanding of evaporite dissolution
(karstification), (2) devising management techniques for preventing subsidence in areas of
evaporite karst, and (3) developing risk assessment and zonation criteria for evaporite karst
hazard mapping. Two recently published papers from project ROSES were reviewed for this
investigation. The first paper titled “A decision-logic framework for investigating subsidence
problems potentially attributable to gypsum karstification,” (Lamont-Black et al., 2002) provided
the mechanisms involved in the development of gypsum karst. The second paper titled “Road
and bridge construction across gypsum karst in England, “ (Cooper et al., 2002) provided
engineering solutions involved in designing and constructing roadways over gypsum karst.

DOMTAR MINE
Background

The DOMTAR mine (formerly the Grand Rapids Gypsum Company mine) extracted gypsum
from the #2, #4 and the #5 during its operational life. According to the Williams and Works
report (1984) no mining of the #3 occurred at the Domtar mine. In general, while the mine had
operated from 1854 it appears that the mining from 1854 through the mid-1970’s primarily
mined the #2 seam before closing. However, the United States Gypsum Mine, which is directly
south of the Domtar mine, mined the #4 seam (based on an older mine map reviewed in this
investigation). In the early 1980’s the Grand Rapids Gypsum mine was purchased and reopened |
by Domtar Industries, Inc. with mining concentrating in the #4 seam and #5 seam as well as
some limited pillar removal in the #2 seam.

To investigate the surface features good topographic maps generated from the county-wide Regis
system were used. These maps were of good quality and provided 2-foot contours of the
proposed site as well as over the entire Domtar mine. However, complete mine records showing
the mining development were not available. Apparently, all (or most) of the Domtar mine files
had been discarded at the time the last ownership change of the mine properties. Fortunately,
some of the file were salvaged from the dumpster where they had been disposed (Mroczkowski,
personal communications). Although some damage had occurred to the files they were useable
for this investigation and provided signification information. However, the disordered nature of
the files, as well as missing data, did introduce an element of uncertainty to the analysis,
although it is believed that the major aspects of the mine, its geology, mining history and
ultimate stability have been adequately understood for this investigation. The following sections
provide the information collected concerning the Domtar Mine and used to determine the
suitability of expansion of the John Ball Zoological Gardens (Zoo) over a portion of the Domtar
Mine.
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Existing Mine Reserves

The Domtar mine closed before completely mining out its reserve base. According to an inter-
office memo, the mine has approximately four million tons of recoverable gypsum located in the
#4 and #5 seams. No mining of the #2 seam, which had the highest quality gypsum in the mine,
was included in the reserve tonnage. Mining of the #2 seam would have been through pillar
removal or pillar size reduction (shaving), since the seam had been completely mined out on the
property. Pillar removal (also known as recovery) is a common mining technique used in some
cases to (1) produce easily mined tonnage when production is needed, (2) improve the quality of
the run-of-mine production when needed, and (3) to allow an orderly collapse of the pillar so that
ground subsidence can be gradual in nature and to minimize surface disturbance and to produce a
stable surface and eliminating the potential for sinkholes. A 1983 rock mechanics report (Parker,
1983), in fact, recommended that the #2 seam pillar be removed “...to preserve the real estate
above the mine.” The removal of pillars would allow the gradual fairly uniform subsidence of
the mine and minimize sinkhole formation. While some limited pillar recovery is identified on
the existing mine maps, it appears that very limited pillar removal was conducted in the #2 seam.

The existing #4 and #5 reserves all lie in the northern section of the mine. Three inter-office
memos (years 2000, 1999, and 1996) concerning the gypsum reserve estimate, as well as future
mine plan details, are provided in Appendix D. The memos provide the following details:

1. The mining at Domtar, in general, has been from the south in an area of low cover and
short haulage distances, to the north with longer hauling distances. Figure 5 shows the
areas of the gypsum reserves lying mostly north of O’Brien Street, with some limited
reserves south of O’Brien on the east side of the Domtar property.

2. Essentially, the proposed Zoo extension overlies the majority of the remaining mining
reserves at the Domtar mine. Although the mining of these reserves is unlikely, the rights
to mine these reserves must be considered in any surface development since mining may
affect the stability of the site.

3. Only a small portion of the #4 seam was mined below the proposed Zoo site and from
records reviewed none of the #5 seam was mined.

4. Although the #2 seam has been mined under the CMS power line and 1-196, the 4 million
ton reserve estimate excluded mining the #4 and 5 seams under both structures. The
exclusion of the reserves under these structures can be seen in Figure 5.

5. The 1999 memo in Appendix D states that only 25% of the gypsum production was from
the #5 seam, indicating that not all of the #5 seam was being mined along with the #4. It
is unclear from the information inspected as too where the number #5 seam was mined or
not mined. This appears to be significant in regards to the surface stability, since as noted
above, stability of the pillars becomes important with the larger opening.
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Figure 5. Domtar Mine 1999 gypsum reserve estimate map. Map shows the exclusion zone
of mining around the CMS power line and I-196 in addition to the anhydrite zone

located in the #4.

B11



6. An anhydrite zone is located in the #4 seam as shown in Figure 5. Anhydrite, although a
calcium sulfate as is gypsum, does not have water in its structures and is unusable for
plaster board or other products that gypsum is used in.. Consequently, this zone, which
occurs in the upper portion of the seam, had to be excluded in the mining process. This
significantly altered the mining of the #4 seam. A system known as “bi-level” mining
was implemented to mine the base of the #4 seam and the #5 seam together, thus mining
underneath the anhydrite zone. The 1996 memo in Appendix D provides the only map
that was found showing the area where bi-level mining took place. The bi-level mining
area was approximately 300 feet south of O’Brien Street starting on a line directly south
of Covell Avenue and moving due east. It appears that the bi-level mining method is
associated with surface disturbance and sinkhole development. However, the full extent
of the bi-level mining activity at the mine was not determined in this investigation. It
appears, though, that between 1996 and 1999 the bi-level mining continued due east
working under the anhydrite zone. It does not appear that any bi-level mining occurred
under the proposed Zoo extension site or was within 300 feet of O’Brien Street.

Existing Structures Over the Domtar Mine

There are two main lifeline structures over the Domtar mine, Interstate I-196, which is located
over the northeast side of the mine and a high voltage CMS power line, traversing roughly east-
west over the northern portion of the mine. Both structures, as noted above, had the #2 seam
mined below them. A cursory field inspection of these structures did not indicate any distresses
to the structures. The Michigan Department of Transportation (MDOT) was not aware of any
special provisions that were made concerning the underground mine below the interstate (Larry |
Heinig, personal communications, 2002). Nor was it known whether mining had taken place
after the Interstate had been constructed.

Underground Mining

Room and pillar mining was the primary form of mining used at the Domtar mine for mining #2,
4 and 5 seams. However, there were a number of different room and pillar mine plans used at
the Domtar Mine as shown in Figure 6. In general, as the initial mining appears to have started
in the southeast portion of the site where mining of the #2 seam began in the 1800’s. In this area,
the pillars are very irregular, with no clear patterns. This area appears to be confined to an area
south of O’Brien Street. In addition, the roof is very thin, and in some cases nonexistent, leading
to many caved areas. As mining progressed north and west the mine plan layout appears to have
become more systematic. However, there were no mine drawings available for inspection
indicating the sequence or timing of mining. As noted above, the majority of mining under the
proposed Zoo expansion site was in the #2 seam, while only a small portion of the #4 was mined.

Known dates that may relate to the stability of the mine are as follows:

1. The mine started production in 1854.
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2. The mine shut down in 1980 due to poor economic conditions and also poor mining
conditions. It appears that at this point most of the #2 had been mined and that mining
operations were beginning in the #4 seam. The mine was reopened in 1983 with primary
production coming from the #4 seam.

3. The mine closed in the late 1990°s and was allowed to fill with water.

4. The mine is currently completely flooded. The ground water table is in the glacial
overburden based on the observation of the water level from the existing mine entrance.

An important factor concerning mine stability is controlling the water that flows into the mine.
Therefore, the dip of the seams is important for the flow of water through the mine. Table 1
provides elevation data taken from five exploration holes drilled in 1963. In addition, the roof
type was also noted as well as the roof rock thickness over the #2 seam. Additional exploration
drilling was conducted in 1966, but these borings were not found at the time of this investigation.
Figure 6 also shows the location of the 1963 exploration drill hole data presented in Table 1 as
well as the location of the 1966 data.

Figure 7 shows the mining method for the #4 and 5 seams. The remaining discussion in this
section concerns issues relating to the stability of the #2, 4 and 5 seams and consequently, the
stability of the surface.

Table 1. Elevation data on the gypsum seam of the Domtar Mine.
Hole ID #1 #2 #3 #4 #5
Ground Elevation 683 713 655 722 609
Top of Bedrock 587 587 601 618 598
OB Thickness 95 126 54 154 11
Top of #2 575 580 580 583 587
Bottom #2 568 568 571 571 575
Thickness #2 7 12 9 12 12
Top of #4 541 532 533 537 542
Bottom #4 532 522 524 526 531
Thickness #4 9 10 9 11 11
Top of #5 530 521 521 524 529
Bottom #5 522 511 513 515 523
Thickness #5 8 10 8 9 6
Roof Rock Thickness 12 7 21 35 11
Roof Rock Type Shale/Gyp  Gypsum  Soft shale/ Limestone/  No #1
Soft gyp shale/gyp shale
Ratio: OB/RoofRock 7.9 18 2.6 4.4 1.0
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Seam #2 Mining Issues

1. Inspection of the mine maps indicates that there was limited karst or natural
dissolutioning of the gypsum within the mine. This would indicate that shale beds
overlying the gypsum formed a relatively impermeable layer preventing dissolutioning of
the gypsum. However, there is a documented case of karst development on the west side
of mine. This karst feature was discovered in 1976 and named the Pellerito Cave after
the foreman who discovered it. The cave was approximately 300 feet in length and
indicated that significant amounts of water had flowed through the cave. The cave was
inspected by the National Speleological Society and reported on by Elowski and
Ostrander, 1977.

2. The Pellerito Cave may have formed as a result of the glacial erosion to the west of the
mine exposing the #2 seam and allowing fresh water to access the #2 seam and the
dissolution of the gypsum. However, it is not clear as to why the cave did not further
develop beyond 300 feet. One possible explanation may be that the dissolutioning
process may be relatively young and associated with the mining of the #4 seam in the
(GP) Butterworth Mine, directly below where the Pellerito cave was discovered. In fact,
the cave system lies directly above the #4 seam with the cave ending at the end of the #4
mining. It is possible that deformation of the roof of the #4 seam may have caused cracks
to form allowing water to enter the #2 gypsum layer. If this is the case, the rate of
dissolutioning of the gypsum is significant in this mine depending on the flow of fresh
water.

3. The #2 seam is relatively flat in some locations, but does drops approximately ten feet
from west to east across the mine allowing water to flow from the west to east on the #2
along the mine floor. The floor material consisted mainly of shale and some limestone.
In two locations the seam formed underground lakes, which provided locations to
dewater the #2 seam.

4. The bedrock above the #2 seam varies in thickness across the mine ranging from 7 feet
on the north east side of the mine, to no roof rock on the south, to 20 feet on the west
side. However, the north central portion of the mine appears to have the most roof rock
ranging between 20 and 30 feet,

5. The bedrock above the #2 seam varies considerably in composition. In some places the
roof consists of interlayered shale/gypsum, while in some places it is completely shale or
gypsum.

6. There are a number of different room and pillar types used below the proposed Zoo

expansion site. The room and pillar mining method can be classified into the following
groups based on what appear to be from older to newer mining methods:

a. Very long rectangular pillars orientated either north-south, east-west or in a
couple of small areas orientated at 45 degree angles to the north.

B14



b. Somewhat regular 60 degree block pillar design, possible from mining with a
continuous miner,
c. Very regular square pillar design.

South of O’Brien some pillar removal appears to have taken place in a couple of areas,
based on the underground mine map. However, there is no other confirmation that pillar
robbing occurred in the Domtar Mine, consequently this observation is only speculative.

Seam #4 and #5 Mining

1.

The mining of the #4 and #5 seam, which was primarily conducted after the reopening of
the Domtar Mine in 1983, was concentrated north of the old United States Gypsum Mine
and south of O’Brien Street starting on a line directly south of Covell Street moving
eastward towards I-196. A review of the mine’s stability was made by Mr. Jack Parker in
1983 and 1984. Based on the Parker reports and the review of the existing mine files the
following issues have been identified, which include observations of the mine conditions
in the #2 seam relating to mine stability of the #4 and5 seams.

Observations of the #2 seam stability include the following;

a. The #2 seam had good pillar conditions showing normal mine conditions in some
portions of the mine. ‘

b. In other areas there are numerous roof falls in the #2 seam along with pillars
failing by splitting. '

c. Artesian water conditions occur at the base of the #2 seam as well as water
running beneath pillars. ‘

d. Areas where the roof had discontinuous gypsum and shale layers were associated
with roof instability.

e. Some areas with significant roof falls were supported by wooded timbers.

f. Gunite was sprayed on exposed shale layers to protect the exposed shale in an
attempt to minimize the effect of the mine’s high humidity conditions on the
shale’s strength and stability.

g. Shale layers at the base of the #2 seam were swelling, causing instability of the
pillars.

Numerous roof rock falls were observed in the #4 seam. This instability was believed to
be primarily due to the blasting procedure in mining the gypsum.

Cracks were observed in the #4 roof suggesting sagging of the roof.
Shale layers in the mine indicated that the shale was relatively weak. Williams and
Works conducted unconfined uniaxial compression tests on dry shale samples from the

mine, resulting in rock strengths from 3,000 to 4,000 psi. However, the uniaxial
compression testing on the shale under high humidity conditions, conducted at Michigan
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Tech, showed that the rock strength dropped to approximately 500 psi under high
humidity conditions.

5. Because of the low strength of the shales from both the roof and floor rock, Parker
suggested that all mine air flow be first directed through the #2 seam before accessing the
lower mine workings - to condition the air to a constant humidity. This would help
regulate the pillar stability while mining the #4 and 5 seams. '

6. Pillar dimensions in the #4 and 5 seam are square with a dimension around 30 by 30 feet.
Parker reports suggest a pillar dimension of 36 feet square should be used to maintain
long-term stability of the mine roof. :

7. It appears that in at least one location the #4 seam in the Domtar Mine mined into the #4
seam in the United States Gypsum Mine (USGM) - at the south end of the Domtar mine.
This provided a route for ground water flow. Water that migrated into the USGM was
then pumped out through the Pittsburgh Pumping station located on the south side of
Butterworth Street.

8. Four pumping stations were used to discharge water from the Domtar mine: The #2 seam
was de-watered by the Portfliet station in the northwest section of the mine, the Scranton
station in the south central part of the Domtar mine, and the Butterworth station, on the
east side of the mine. The #4 seam was de-watered from the Pittsburgh station located at
the south end of the USGM. : '

Geohvydrology Issues Related To Mine Stability

One of the most critical issues involving the long-term stability of the mine is the effect of water
on the mine. As with any mining operation it is essential to control the water flow during mining
so that mining operations are not affected. Besides the control of water to minimize its impact on
mining, four additional concerns can be cited in regards to the stability of the mine works. The
four main issues that can negatively affect overall mine stability are as follows:

1. Dissolution of the gypsum from flowing ground water,
2. Strength reduction of the shale and gypsum rock with increased moisture content.
3. Artesian water conditions, i.e., upward flow of water into the mine, due to the lowering of

the water table at the mine and significantly increasing the potential head for water flow
into the mine from lower rock layers.

4, The chemical change of anhydrite to gypsum results in significant swelling estimated to
be approximately 60%.

The effect of these four issues on the stability of the Domtar mine are discussed as follows:
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As discussed above gypsum is an evaporite that has relatively high solubility. In general,
salt has the highest solubility followed by gypsum and then anhydrite. The Domtar Mine
contains all three of these evaporites, with gypsum and anhydrite being the most
abundant. However, there were a number of locations in the #2 seam where small blocks
of gypsum were not mined due to a high salt content. Most of these high salt locations
were in the northern part of the mine and below the proposed Zoo site. In general, the
salt content increased towards the north central part of the mine. The rate of dissolution
of gypsum by ground water is a function of a number of factors with the flow rate and
amount of dissolved solids being the two most important. As the ground water flow rate
increases dissolution will increase but as the percent of dissolved solids increases the rate
of dissolution will decrease. Water that is high in dissolved solids is referred to as
saturated water and which has limited potential for causing additional dissolutioning.
Unsaturated waters or under-saturated, on the other hand, would be lower in dissolved
solids with a high potential for dissolutioning.

According the Williams and Works report the ground water that entered the mine comes
from three possible sources: (1) vertical seepage of precipitation falling directly over the
mine, (2) lateral seepage from surface sources such as Portfliet Creek and Grand River
(note, the elevation of the #2 seam is below the level of the Grand River), and (3) vertical
seepage from the Marshall sandstone or from the flooded GP Butterworth Mine. The
report was unable to determine the percent of each of these sources of water entering the
mine, however, it was believed that a significant amount of water was entering the mine
from the Portfliet Creek and possibly the Butterworth mine through lateral flow.

The groundwater flow through the glacial overburden into the mine would probably be
relatively low in dissolved solids and therefore unsaturated. Once in the mine it would
have a high potential for dissolving gypsum. The water then leaving the mine could, if
dissolutioning was occurring, be high in dissolved solids. According to the NPDES
permit levels the discharge waters from the mine were all very high in dissolved solids at
approximately 3% by volume, i.e., near sea water.

Based on observations made in the Domtar mine during the Parker report period, as well
as with personal communications with Tom Mroczkowski, significant dissolutioning was
taking place during the mining operation. Dissolutioning was directly water was observed
flowing under some pillars in the #2 seam.

During the mining operations and de-watering of the mine the flow rate in the mine .
would have been relatively high, since the rate of flow would have been a function of the
discharge rate used to keep the water levels within an operational limit for mining.

Although the shale/gypsum layers are relatively impermeable, mine personnel were
concerned about water flow from the Marshall formation. While the primary concern
was the additional cost to de-water, upward flow of water also presented a significant

stability problem for the #4 and 5 seam pillars, which would be undercut if water flow
was occurring,
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Since the Grand River is above the #2 seam, the river level will affect the groundwater
hydrology of the mine. Flooding of the Grand River must also be considered. Flood
events for the Grand River are as follows:

Flood Date Stage (ft) Domtar Mine Elevations

1904 ' 610 Average elevation of the Domtar Facilities: 607 ft.
1905 609.4 Top of #2 Seam 580 ft.
1947 606.8

1948 607.6

National Flood Insurance program (mid-1970s):
100 year flood at the Domtar Mine is 607 feet (will flood most of the Domtar plant site)
500 year flood at the Domtar Mine is 620 feet

Since the mine is now flooded, the flow rate through the mine has likely decrease to
whatever the flow rate the discharge points of the mine will naturally allow. This will
decrease gypsum dissolutioning to some degree, while some parts of the mine will
become stagnant. However, the flooding of the mine has also resulted in the shale layer
being saturated which will result in a decrease in the strength of the shale as well as
swelling potential of both the shale and the anhydrite rock.

MINE AND SURFACE STABILITY

To maintain the stability of the surface above underground mine works, the mine support system
must be designed such that it permanently supports the overlying rock and overburden. In
addition, the mine must be designed so that any changes in the condition of the mine do not alter
the long-term performance of the support system. This, based on available information, is not
necessarily the case with the Domtar mine. It appears that portions of the mine pillar support
systems were neither designed for long term support nor were they designed to function when
the mine became flooded. This opinion is based on the following observations:

1.

Significant sinkhole development as well as large subsidence has occurred in the GP-
Butterworth mine in the #4 and 5 seams as well as a sudden subsidence collapse, which
resulted in flooding of the West Plant and occurred after the mine was closed. Large
surface cracks have been observed by Tom Mroczkowski in the past couple of years,
indicating continued mine instability.

Sinkhole formation continues to occur over the Domtar Mine. Figure 6 shows sinkholes
associated with the Domtar Mine. Most of them have formed south of O’Brien Street and
appear to correlate with the mining of both #4 and #5 seams. Additional sinkhole
development is occurring north of O’Brien Street but south of the CMS power line. It
appears that this sinkhole development is primarily correlated to the main mine
entryways and secondarily to the long rectangular pillars used in the support of this area.
It is also possible that the roof rock in this area was relatively soft. The #3 exploration
borehole, which was located near this sinkhole activity, indicates very soft shale and
gypsum for the roof rock although the thickness of the roof rock was 21 feet. As noted
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above, the roof rock thickness increases to the north and may help explain the lack of
sinkhole development in the northern part of the mine.

The pillar dimensions were adequate to maintain stability during the mining operations in
the #2 seam. In areas of unstable roofs, timber was used to support the roof and later
mechanical bolts and possibly resin bolts were used to stabilize the roof. These types of
systems will not support a roof long-term and are subject to deterioration and corrosion.
According to the Parker Report (1983), larger pillar dimension (36’ by 36”) should have
been used to better support the roof. And, also suggested that pillar removal be
considered to preserve the surface real estate. Pillar removal would have allowed the
surface to subside in a controlled manner minimizing disturbance to the surface as well as
eliminating sinkhole potential.

Dissolutioning of the gypsum in the mine has occurred and will continue to occur. While
the rate of dissolution is difficult to determine, it can be expected that dissolutioning over
time will further reduce the strength of the pillars, allowing the ultimate collapse of the
mine. Factors in the rate of dissolution will be the rate of water flow through the mine
and the level of dissolved solids in the groundwater.

According to mine personnel, the #4 and 5 seams were stable during gypsum mining. As
noted in point 2 above, however, significant sinkhole activity has occurred above the area
where both the #4 and 5 seams since the end of mining operations. If the Butterworth
mine is any indication of long-term stability, then it appears that the overall stability of
the pillar support systems of the #4 and 5 seams may not be adequate. The Butterworth
Mine, where only #4 and #5 gypsum seams were mined, was closed in 1971 and over the |
approximately thirty-year period significant surface disturbance has occurred. A concern
with the mining of the #4 and 5 seams is also the potential for water inflow from the
Marshall sandstone located below the #5 seam. This inflow could result in damage to the
mine’s pillars through dissolutioning and a decrease in strength of the shale parting
between the two seams. Fortunately, the strata between the #5 seam and the Marshall
Sandstone should be adequate to prevent water migration. It is possible though that water
pressure, developed when the mine was dewatered and the swelling of the floor shales
and gypsum, may have resulted in Marshall water accessing the Domtar mine, causing a
further decrease in the mine’s stability prior to the flooding of the Domtar Mine.

In general, the strength of gypsum is not high. There is relatively little strength data on
gypsum. Research by Gysel (2002) reports that the strength of Triassic gypsum located
in Switzerland ranged between 2,000 and 4,000 psi. However, Gysel also notes that the
strength significantly decreases when shale is incorporated in the gypsum, which is then
referred to as a marl, to as low as 500 psi. Based on the 1963 exploration drilling
information, much of the roof rock, which is mainly the #1 gypsum seam, was of a
gypsum/shale composition. This suggests that the strength of the roof rock was not high.
This is also correlated with many long tension cracks observed in the roof of both the # 2
and #4 seams. According to Parker (1983) the long tension cracks in the roof indicated a
sagging roof condition, indicating that the strength of the roof “beam” was not adequate
to span the distance between the pillars at that time.
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7. The Parker report was also concerned with the moisture state of the shale and attempting
to maintain a constant humidity of the mine air. Flooding the mine would increase the
potential for softening the shale rock and decreasing the stability of the mine over the
long-term.

8. Flooding the mine there is the potential for swelling of both the anhydrite and shale. The
1983 Parker report showed pictures of the shale floor layer swelling up into the mine.
This would decrease stability of the support pillars.

9. It is almost certain that subsidence will occur over portions of the Domtar Mine but we
do not know when. Based on the Butterworth Mine it is possible that sinkholes may form
soon after the flooding of the mine, while the broader subsidence may take longer. One
can expect that sinkholes will form in the areas with thin roof rock and low overburden
cover while broader land subsidence may occur in the 'north center part of the mine where
the roof rock is thicker. Special consideration must be given to the location of the bi-
level mining, since it appears that this may be the most likely place for sinkholes.

SURFACE STABILITY OF THE PROPOSED SITE

Based on the above criteria, we can designate zones of probable stability or instability, as
follows: Zone A identifies the area with the greatest potential for stability, while Zones B
through F indicate increasing instability with Zone F having the highest potential for 1nstab1hty
The zones are shown in Figure 6 ‘

Zone A - No gypsum mining has occurred in this zone. The stability of this zone is high
and is outside any potential underground mining instability. The boundary of the zone is
based on an angle of draw of thirty degrees, i.e., the limit of mining is an additional
distance from this zone measured by a vertical angle of thirty degrees.

Zone B - Only the #2 seam has been mined in this zone and no evidence of sinkholes was
found. It is assumed that the mining below this zone was relatively recent, occurring in
the1960s and 70's using systematic room and pillar mining methods. It is also based on
no reduction (shaving) of pillars or pillar removal has occurred in this area. The roof
rock appears to be relatively thick in this area and the floor rock appears stable.
Therefore, short-term stability of this zone appears good. However, the issue of
dissolutioning of the pillars over time must be considered, since decreasing stability may
result if the pillar dimensions are reduced in size.
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‘Zone C — Only the #2 seam has been mined in this zone and no evidence of sinkholes has
been found. This zone has a less systematic mining method and with very irregular pillar
shapes and sizes. It is not known why this type room and pillar method and orientation of
mining was used. As with Zone B it is also assumed that no reduction (shaving) of pillars
or pillar removal has occurred. However, the roof rock in this zone is significantly
thinner and according to exploration borehole #3 is composed of only 5.5 feet of gypsum
and 1.5 feet of shale. This is the only exploration borehole that showed the gypsum being
in direct contact with the glacial overburden. However, no sinkholes or land subsidence
are evident in this zone. While the short-term stability of this zone appears to be
adequate, there are stability issues that increase the probability of future instability.
Again, the issue of dissolutioning of the pillars over time must be considered, since
decreasing stability may result if the pillar dimensions are reduced in size.

Zone D — Only the #2 seam has been mined in this zone. An older mining method using
long rectangular pillars at various orientations was used in this zone. The roof rock in
this zone varies from 35 feet in the west while thinning to seven feet in the east. While
this zone appears stable it is unclear if the mining method using the long rectangular
support pillars is adequate over the long-term to support the mine roof. It is also assumed
that no shaving of pillars or pillar removal has occurred in this zone. Again, the issue of
dissolutioning of the pillars over time must be considered, since decreasing stability may
result if the pillar dimensions are reduced in size.

Zone E - Only the #2 seam has been mined in this zone along with the same mining
method used in Zone D. However, this zone has sinkholes forming, which appear to be
related to the mining method used. The roof rock is relatively thin in this area. Along
with the formation of sinkholes and the older mining technique used, the short-term
stability of this zone is questionable.

Zone F — The #4 or the #4 and #5 seams were mined in this zone. Potential for

instability of the lower seam is relatively high. Portions of this zone have already
subsided. There is a high probability of surface instability in this zone.
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SUMMARY AND CONCLUSIONS

1. The proposed zoo expansion site has all three major gypsum seams located beneath the
site. The seam closest to the surface, the #2, has been extensively mined underground,
while only a small portion of the #4 has been mined on the south edge of the site just
north of O’Brien Street. Based on the salvaged mine maps no #5 seam has been mined
below the proposed site.

2. Approximately 4 million tons of reserves exist in the Domtar mine, with a significant
amount located under the proposed zoo expansion site. While future mining of these
reserves is unlikely, the rights to mine these reserves must be considered since future
mining of the #4 and #5 seams might cause increased instability of the surface.

3. The gypsum seams in the Domtar mine appear to have little to no natural karst
development (dissolutioning) prior to mining operations. This indicates that shale beds
above the gypsum seams provide protection from ground water. The one Karst feature
found in the mine is the Pellerito Cave (Elowski, and Ostrander, 1977) may have been
induced by the mining of the GP Butterworth Mine. However, additional investigation
may be needed to verify this hypothesis.

4. The support pillars of the mine do not appear to have been designed for long-term
stability. The stability of the support pillars is further compromised by the possible
dissolutioning of the base of the pillars during mining,

5. Extensive sinkhole formation has occurred over the adjacent Georgia-Pacific Butterworth
Mine. A large subsidence event resulted in the flooding of the processing plant south of
the mine.

6. Sinkholes have formed over the Domtar Mine, with recent sinkholes forming since the

flooding of the mine over the past two years. It appears that the majority of sinkholes are
related to the mining of the #4 and 5 bi-level mining and to possible pillar removal of the
#2 seam. In addition, some sinkholes appear to be related to the type of mining
conducted using long rectangular support pillars.

7. The issue of gypsum dissolutioning is critical to the stability of this mine. Over the long-
term it is highly likely that the remaining support pillars will collapse resulting in either
sinkhole development or larger scale subsidence.

8. Zones indicating the short-term stability of the surface have been developed. The time

period of short term is difficult to establish, but based on the experience of the
Butterworth mine, the short-term can be approximated by a period of less than 50 years.
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EGBWARD M. BURT

§ Ac
i OHE \,.-'

GEOLOGIST

142 E. Division
Rockford, Mich, 49341
_Telephone 866-8041

January 11; 1965

Mr. Charles Young
Grand Raplds Gypsum Co.

‘Butterworth Dr. SW

Grand Rapids, Micnigan

. Dear Mr. Young.

In response to your authorization and with your and Mr.

Johnson's assistance, I have investigated your mine water problem

- encountered on October 17, 1964. The investigation included

inspection of the site, review and compilatlion of pertinent data

“from your well records, pumpage records anduother readily avallable

information such as: oil and gas drilling records. Préliminary
verbal progress reports have been made during our conferences.
This letter report summarizes the pertinent geologic and hydro=
logilc conditions, conclusions and recommendations
INTRODUOTION . .
The encountering of about 300 gpm (gallons per minute) of

water in the southwest portion of your mine has raised several

' questions including:

1. Wnat is the source of the water?

o2, How does it enter the formation?

3; What are the hazards of encountering more water?
4. Removal by pumping or stop the flow? |

In determining the answer to these and related questions, it

-1s necessary to recognize that the occurrence of the water
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encountered, like all ground water, 1is controlled by regional and
local geologic conditions. For this reason, a review of the
geologic environment was mede 1o ascertain the controling factors

as revealed by the avallable data.

" BASIC GEOLOGIC ARND HYDROLOGIC CONSIDERATIONS

A The geologic environment consists of unconsolidated glacizal
soll deposits resting on the eroded surface of the consolidated
rocks of the Michigan Formatlon.

The‘uhconsolidated solls consist ofvsaﬁds, gravels, clays
and various mixtures thereof.. The logs of the wells in thé area
report vertical and horizonal varlations typical.of giacial.'
deposiis. (See cross séctions)' Some of the records repdrt sands
and/or gravgls with negligable amounits of clays while others |
report ﬁbé opposite conditlon. . Mbst howefer,'indicaté définite
stratificatlons of each of the soil types, the 31gniflcance of
the glacial s01ls lies in the occurrence of the Dermeable sands
and.grgvels. Such soills are capable of storing and releasing
waters available to them. The well recordé show thils occurs

in the area under study. Furthér; the reported water lévels

" i1ndicate the source of the waters contained 1in the glacial solls P//////;

s largely local precipitation and~£he contribution of the north-

south stream west of your present operations. The water levéis
indicate the’ground waters are moving from areas of recharge in
the highlands toward the Grand River. The movement of ground
water 1s in responsé to the force of gravity,.hence it will moVve
from any’aréa of high head to whatever area of lower head 1s
available.- Therefore, should your mine workings encountert

permeable giacial soils, the ground wate?.contained in such soills
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area, the local bedrocy wes exposed and =uodect d tc the natural

forces of weathering and eT081on like any other 1and surface.
We therefore,expect and;find, as shown by the bedrock toppgrapvhy

¥

hie 1rre:ular1ty
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mép, an irregularity inAthe bedrock surface.
or tbpographio relief is important in locating areas wnere the
thickness of congolidatea solils between the.base-of the glaclal
arift and roof of the gypsum bed be;ng mined may ve huzardously
tely west of the éité}

thin. Such an aresa is present at or 1mmeai te

of the recently encounterd water, and is shown by the "gepression”

contour on the bccrock topography map. The well reoords indicate
Sa ﬂEiEE’hOLe such as have been ooserved in the Crdqdville

arez, existis 31 the bedrock surface at or near the water flow.
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Jgypsum such as you mine,
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fyom thet ivn uncongolidated rocks.. In tne latier, the 5011

particles are uncemented and water surrounds thea

‘oceupled by the cementing agent binding them tozéiher., fherefoxe
water movement through consclidated rocks is less 1likely to be

solution channels. Frequently, watler ig encountere

ad along beddlinz plénes and 1n the contact zone bLel
LY

different types of rocks such as a change from a sandsione resting

J b . g - >

tively spealidg, sandstones and limestones

are.more apt to be waterbearing than are shales.

the physical and chemicel characteristics

of the mineral makes water movement through solution channels the .

Because ground water 1s usually

most likely mode of cccurrence.

moving, the solution channels tend to be large, growing larger and S

yield 100 or more gallons of water per minute.

W WATRER DR M
UII\E WATER PROBLEM {’LG ( 16/1/[,"9 /»JC«

b

Figure 1 is-'a mep of the area showing the bedrock topography
ble well log data, As mentioned

previously, it is important in locating the approximate are as

where: &) the bed being mined is absent: b} the bed is exposed to

the glacial drift soils: and ¢} the thickness of consolidated soils
overTywng the bed may be hazardously thin. Such en arsa is’ ' !

v
A

®

vealed by the depression contour immediaﬁely west of the recent

water occurrsnce.
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ng and sumier of the year the flow shouvld again increase,
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The water may hs ive eroded 4 hew channel to a lower outlet.

its way to the Fittsburgh shaft. )
Figured 3 and 4 are cross sectlions portrzying the distribu

uorizonfl well relationships are proportional to the distances

Section A-A' (Fig.3) a2lso shows the estimated water

suitable for migration

into the consclidated rocks. Analyses of the
the flow site in the mine (Hardness 63-69 g

hlorides 91 to 114 parts per million) and at

=tween -wells. along the lines of the sections as shown on figure 1.

The: sections ¢lesviy shovw the soll end water head condit ions are
e}

f ground waters from tl

(Herdness 93g/g and Chlorides 167 ppm) ax

) a2, PRR N ST . - ot I - * - ey ke
uch migrating ground waterg rather than na
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Based on the avallable well log information, watsr pumpages
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- Page 2-

The floor of seam #4

The dolomite and shale impurities are very harmful in board making process.

An early analytical report of thin section indicated that the floor dolomite ( to some extent
the uppermost silstone layer) is rich in iron (see attachment 1). Another report referred
to paper-to-core bond problem. The X-ray analysis showed presence of small quantity
of iron whenever there were bond problem (see attachment 2). In addition, when the
chloride level at the face is already at 16 oz/ton level, these two impurities can itself
carry chloride at 100 oz/ton. The shale is possibly the major culprit causing the board
core to be soft and causing the moisture absorption problem.

There is a way to physically separate the ore body from floor. Ideally, usage of an
undercutting machine before blasting will be the most suitable tool. A similar undercutter
to this one is used in the Blue Rapids underground mine.

At the present time the mean to separate the gypsum from the floor is blasting.
Since the floor dolomite is only 03 to 0.5 foot thick, the blast shatters it and some
underlaying shale. The skill and experience of the scooptram's operator is vital to

leaving the floor in place.

The interbed in the Bi-level Area :
The floor impurities of seam #4 build the upper part of the interbed shale which is

1.5 to 3.0 feet thick. All the above said conclusions are relevant to this layer.

After several trials an acceptable blasting pattern was established to remove the shale. |
However from time to time it is necessary to re-blast the shale to get cleaner cut.

Usage of an undercutting machine to make pre-cuts in gypsum itself would be very
beneficial. The shale is removed by a modified backhoe. :

The floor of seam #5
There is the same problem with the floor as it is at the seam #4. Only dolomite

was replaced with a 0.3 foot thick of sandstone. The sandstone can cause a grinding

problems in the mill because it is a hard roek. :
At present moment the mine plans to eliminate this problem by gradually leaving about a
1 foot of gypsum in the floor in all headingsi of the Bi-Level Area. Lack of experience to

control the floor level prevented to do that earlier.

The anhydrite zone's
The anhydrite zone in the eastern part of the mine is associated with extremely

high chloride concentration. The mine plans to pass underneath (e.g. Bi-Level Area) or
selectively cut through this zone (e.g. 50E47N face).




- Page 3 -

Proposal ‘ :
There are about 400 tons of rock from Bi-level and 600 + tons from #4 bed in

temporary stockpiles nearby the feeder-breaker..

- send this rock to the mill with blend ratio 9 to 1 (bed #5/bed #4)

- move the feeder-breaker to 61E40N location that daily rock production can be
done by one scooptram operator; all material is already on site.

- narrow the mine front in the Bi<Level Area to 450 feet (from 60E to 69E drift)

- gradually leave a 1 foot of gypsum in all headings in the Bi-Level

- break through each second crosscut to speed up the eastward advances.

- push the A drift until it pass the anhydrite zone; sent the rock to the surface

stockpile
The size of the mine manpower will depend on the rock production' target set for the

mine .

Option |
two production days/week 39,520 tons/year
surface stockpile 15,600 tons/year

39,520 tons equals 760 tons/week. This amount does not take recycled and
synthetic gypsum into account therefore it keeps a safe margin for rock demands.

To speed up breaking through the anhydrite zone in ore body, rock from
designated headings with higher chloride content (e.g. 50E47N) will be shipped to the
rock stockpile on surface and left for the leaching process. To achieve the target of
15,600 tons/year the mine will ship 150 tons twice a week to fill in the mine rock bin.
This amount of rock is enough to fill in the mine rock bin's capacity. Subsequently the
truck driver can move this rock to stockpile between his trips to haul the Michigan

Gypsum without any time delay.

1) - Single shift, 5 days per week schedule: four days 10 hrs and 1 day 8 hrs
- 2 days full production day; .5 day for maintenance on rock handling system.

2) Manpower:
4 production workers
2 mechanics
This option will keep the mine open and all mine equipments will be maintain.
If the market demands will increase the mine can increase its production.
The mine would work in a capacity of a back-up rock supplier if problems were occurred

with the Michigan Gypsum rock or with its logistics.



Option I .
Partial rock supply to both Board Plants.
East Plant 39,520 tons/year
West Plant 40,000 tons/year
Surface stockpile up to 10,000 tons/year
Total annual Tonnage 89,520 tons

89,520 tons per year equals to 1722 tons per week. The rock production costs
will be kept at $10/ton including rock haulage to the plants.

1) - Single shift, 5 days per week schedule: four days 10 hrs and 1 day 8 hrs
- 1 day for maintenance on rock handling system.

2.) Manpower: '
6 production workers
1 leadman/mine technician

2 mechanics
3.) pursue the possibilities to utilize an undercutter machine in mining our rock.

Rock quality targets.

For both options the rock quality should be as follow:

purity range 81 to 88% with average 84+%.
chlorides content range 16 to 24 oz/ton with average below 20 oz/ton.
chloride range for rock A

to the West Plant 12 to 20 oz/ton with average 16 oz/ton.

Subsequently, as the mine advances to the East, all produced rock should meet the
requirement 16 oz/ton or less for the chloride content.
Rock from faces that show more then 25 oz/ton in combine rock tests should be -

divert to the surface stockpile.

The Michigan Gypsum rock .
At the present time, it is favorable option to use this rock. However there may be

more than a few set-backs. As it was mentioned above, the control over rock supply and
all of its logistics will be limited. Bad weather (cold or to wet) may hinder the rook feed to
the mill as the West Plant experienced last year on a couple occasions.

The fine material has about 80% purity and the solid rock about 83% to 88% with
the chlorides in the single digits. However; geologically this ore is coming from a gypsum
deposit which is part of Michigan Formation. Our ore deposit belongs to this same
period. Thus we may expect some unfavorable swings of chloride content in the
Michigan Gypsum rock as it was true in our rock (see attachment 3).

On the other hand, since both deposits are related they can gradually supplement
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each other after our mine upgrades its own ore. Both rock can be blend togetherin a

controllable manner that the chloride content will be below 10 oz/ton.

This proposal was compiled based on data and facts available at the time being
and it tries to be as objective as possible. The mine has a lot of potential with its rock
reserves. However, to utilize the potential everybody involved in this project has to make

an extra effort to do it.

Mine Leader

Slavek Ochocinski



GEORGIA-PACIFIC
GRAND RAPIDS

INTER-OFFICE MEMO

To: Jim Price . Date: January 05, 2000
Michael Pezzuto

From: Slavek Ochocinski cc: Jerry Lunn

Subject: Mine proposal to upgrade the rock quality from Grand Rapids Mine .

The basic question is what we can do with about 3, 930,500 tons of documented
gypsum reserves lying a 0.5 mile from the Board Plant. For years we have been making
a saleable product from our rock . Since the product(s) line was changed we
experienced quality problems which are related to the chloride content level and lower
purity of the mined rock. The easy answer is to close the mine and to get rock from
outside and be at the mercy of the rock supplier, haulage contractor and the weather
conditions. ‘ '

There is another solution which bears some risk but its free from above said
concerns. Everybody agrees that customers have to be satisfied with our product(s).
We have to use only valuable components to make a good board.

Believe it or not, our gypsum is a one of them. 1 would like to present a few data !
to prove it. However the imperative shall be to learn and execute better the process of
"sorting the wheat from the chaff"..Based on rock samples from the headings and the
diamond drill cores, gypsum has 95 % purity in the seam #4 and around 90% in seam
#5. |t means that the gypsum itself is well developed ore deposit. The purity of our rock
is higher than the pure Michigan Gypsum rock. With the exception of ore of the
anhydrite zone, historical and recent data indicate that chloride content in the gypsum
is in the single digits or less then 16 oz/ton. This is our "wheat".

Now it is coming the "chaff" story. The bed #4 has two distinctive thin layers
(0.3 to 0,1 inch thick) built of silstone or dolomite which are divided the seam into three
sections. They have higher chloride content. Since they are thin layers, historically they
had increased the chloride level of a couple of ounces/ton but they can lower the purity
to 86% at faces with lower heights. The major sources harming the rock quality are:

- dolomite and shale in the floor of seam #4,

- this same dolomite and shale being an interbedded layer in the Bi-level Area,

- sandstone and shale in the floor of seam #5 '

- anhydrite in the anhydrite zone.



- Page 2 -

What is important about the anhydrite presence is that any sign of it is associated with
high concentration of chloride in adjacent areas. Even pure crystals of salt could be
found there.

Quality of the mined ore.

Until 1988 the rock purity was at 82% and the chloride content ran from 8 to
15 oz/ton. Then while the mine front progressed eastward the chloride numbers went
into the low twenties oz/ton. When the headings started to pick up traces of anhydride,
the mine front was widened in the East and turned to the South. Thanks to good rock
quality policy including rock sampling on each face and at least every 50 feet apart,
the mine had maintained the chioride content at 22oz/ton for several years. Rock
blending was essential. .

In addition to mining bed #4, about 25% of production was coming from benching
seam #5 - after shale in the floor was stripped by a bulldozer. The rock from bed #4
had have 80% purity and chloride content less then 170z/ton.

From time to time there were lapses in the rock purity, due to lower mining
heights (9 to 9.5 feet thickness of gypsum deposit) and taking too much shale from
uneven" rolling" floors. Shale in general is relatively soft rock. ‘

The floor shale, besides hampering the purity, was an additional source of higher
chloride content.

The mine has always been under the obligation to tailor its production to deliver
the best quality rock with the lowest chioride content. After awhile the mine's eastward
advances ended up with 1,000 feet wide front with anhydrite in the faces. A major
portion of the mine reserves was cut off due to anhydrite in the top two sections of the
#4 bed. The mine front with all of its logistics was turned into the North and NorthWest

“direction.
The rock quality target was set at 82% +/- 5% for purity and. 22oz/ton +/- 5 oz/ton

for chloride concentration.

Mining Method: - Bi-Level Mining.

In the middle 90-ties the mine has started to develop a Bi-level method to
see if there are possibilities to break though the anhydride zone to the East.

The Bi-level method explores the bed #5 and the bottom section of bed #4. It is
crucial to remove the interbedded shale as cleanly as possible before attempting to blast
the gypsum layers at the face. After numerous trials the mine established a drilling

pattern to blast the shale successfully .
A new face drill for drilling high profile headings was purchased. A backhoe, with

modified boom to scrape the blasted shale, was also acquired.
The Bi-level method allows mining underneath the anhydrite zone to reach the

other side of the said zone and return the mining of bed #4 to full height.
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There is additional future benefit of the Bi-Level method. It creates a possibility to
mine the two beds concurrently as one face. Each blast will yield about 225 tons with
purity around 90% and chloride content less than 16 oz/ton.

At the present time there are favorable signs that we are not too far from reaching
the other side of the anhydrite zone. The 50E drift in bed #4 has only traces of anhydrite
in the middle section. In the Bi-level, the face in 65E drift already includes the bottom and
the middle section of the #4 bed.

A couple of short trial tests from single faces (66E46N, 65E46, 64E45), including
100 tons of rock per test, showed purity from 84% to 88%. Our lab results showed the
chloride content in the middle twenties oz/ton. '

G-P Decatur Lab ran check- tests for a landplaster made from our rock on 11/18,
11/19 and 11/20/99. The mine rock blend consisted of 80% from Bi-level area and 20%
from #4 bed. The results were respectively: 82.08% and 18.880z/ton, 75.58% and
24 .640z/ton, and 82.08% and19.78oz/ton.

Since October 1999 we gradually started to leave about a foot of gypsum in the
floor. At the present time the following headings have gypsum floors deeper than 20 feet:
B6E47N, 65E47N and 64E45N. '

The following headings have first round gypsum floors: 63E448S, 44563, 61E41S and
41S61E.

Keeping about 1 foot of gypsum in the floor and taking extra care in blasting and
removing the interbedded shale should improve the rock quality as follows:

- purity range 82% to 87%,; average 85%

- chloride content range 161 to 25 oz/ton; average 20 oz/ton
The chloride content level will steady decrease along the mine advances to the East.
Eventually the rock quality will be as follows:
- purity range 82 to 88%, average 85%
- chloride content range 8 to 16 ozfton; average 12 oz/ton.

A detailed proposal of a mining plan to achieve the above targets will be forthcoming.

Mihe Leader

Slavek Ochocinski
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GEORGIA PACIFIC GYPSUM

GRAND RAPIDS
INTER-OFFICE MEMO

To: Felmer Cummins
Date: August 14, 1996

cc: Sylvan Lutey
curt Riggen

From: Charlie Johnson

Subject: #6 Mine Conveyor € the Grand Rapids Mine

In the past there was concern with the gypsum reserves at
Grand Rapids when the large anhydrite zone was encountered to the
east. The anhydrite zone cut off all mining to the east and forced
all mining to the north west. While we are certain there is’
another side to the anhydrite zone to the east, we do not know
where. A new mining procedure was successfully developed to mine
the #5 bed and the bottom of #4 bed to enable mining underneath the
anhydrite =zone. Utilizing this mining method, reserves were
calculated to be 4.6 million tons (30.5 years at 150,000
tons/year). With proven reserves and with slightly improved rock
quality, this is the direction Domtar Gypsum decided to go in 1995.

#6 conveyor was to be installed running west to east enabling
the feeder breaker to be located on the new mining front. All
material is purchased and on site. The installation is 90%
completed. With the purchase of Domtar Gypsum by Georgia Pacific
Gypsum, work on the conveyor was halted, while a decision whethern

the mine would remain open was pending.

As there have been indications that the mine will continue to
operate, a conveyor belt installation must be completed to
maintain haulage efficiency and reduce maintenance costs. There

are two options:

OPTION #1: Complete the installation to the East with 100% mining

at the lower mining horizon.
* Completion cost would be minimal. Set the tail pulley,

install belting, complete electrical wiring and move the feeder
breaker ($4000 to $6000.)
* Guaranteed long term reserves.

* Consistent rock quality - Purity - 79 to 83%
Chlorides - 18 to 28 oz/ton

* Removal of the shale interbed is very labor intensive and
requires additional drilling and blasting, rock cost per ton is
$0.50 per ton more than only mining #4 bed. ($9.50 direct cost per
ton)
* There are two long term benefits to this option:

1) Progressing to the east will eventually reach the
other side of the anhydrite zone. At that point, both #4 and #5
bed can be mined concurrently. The larger heading will improve
efficiency and rock quality. Reaching up to mine the top of #4 bed



increases mine reserves by 1.9 million tons or a total mine life

of 43 years.
2) As originally planned mining to the east will bring

the mine workings next to the mill rock silos. Excavating a shaft
and installing a vertical conveyor would eliminate the need for

trucking the rock to the plant.

OPTION #2: Extend #6 conveyor to the north west and mine #4 bed
only.

% Current installation would have to be removed and relocated.
Sufficient material is on site, but required labor for relocation
and a longer conveyor would be much larger. Estimated cost would
be $40,000.)

* In the $4 bed of the Grand Rapids Mine, there are no
guarantees. Current best knowledge indicates the area minable to

the north west contains 1.7 million tons of gypsum. However our
history is that anhydrite can be encountered unexpectedly. In
early July, a spot of anhydrite was hit at B84E 15. Not a

confidence builder.
* Less consistent and lower rock quality.

Purity - 78 to 82%
Chlorides - 15 to ????. (We would work to maintain

lower chlorides ranges, but we could be severely limited with what
we have to blend with. Unlike the Kentwood mine, Grand Rapids has
a soft floor and the floor rolls. Both of these factors negatively
impact rock quality. Current mining has encountered severe rolling
in the north west area and reports from the closed Georgia Pacific
mine is the farther to the west you go the more like a roller
coaster the floor gets. ‘

* Although roof bolting will be required, mining #4 bed only
will result in a lower cost per ton. ($9.00 direct cost per ton)

My recommendation is to follow option 1 and complete the #6
conveyor into the bilevel area. Waste removal will continue to be
slightly more costly, but the benefit of more consistent rock
quality to the plant will save in additives and board quality.
However, the most important consideration is the variation of rock
. quality when mining #4 bed only and the uncertainty of encountering
anhydrite at any time in the upper portions of #4. There is a
projected future in bilevel mining. The only definite in mining #4
bed only is dirty and salty (not a good combination for us!)



Attachment

Thin Sections Summary Report

Grand Rapids, Michigan

. ed from the thrééliﬁééfﬁﬁag
that divide the gypsum units of the #4 Bed at Grénd Rapids-

Michigan. Another sample was submitted from the Miﬁdié
The uppermost interbed CENStst's

Seven samples WETE submitt

gypsum layer (#4 Bed) .
primarily of dolomitic litharenite (doldmitic sgndstone) .

The middle interbed is an arenitic iron dolomicrite (sandy
dolomite). The lowermost intefbed is a dolomicrite (iron

_rich dolomite). The sample taken from the middle gypsum

unit of the #4 Bed consists of gypsum with ebout 2%
finely-disseminated opaques (mostly pyrite, with limonite

and hematite).

Mineral Assemblage

_ .
Three samples from the uppermost interbed contain:

- 1018 1038 1048
1. Quartz 50% 40% 60%
2., Dolomite 39% - 13%
3, Iron Dolomite - 51% %
4, Gypsum 2% 4%: 22%
5. Calcite 9% - 3%
6. Accessories - 5% -

(Opaque—Pyrite)

ALY



Two samples from'the middle interbed contain:

630 107D
1. Quartz 35% 20%
2, Dolomite 13% 10%
3., Iron dolomite  32% 65%
4, Gypsum 20% -
5. Accessories <1% 5%

Two samples from the»lbwermost interbed contain:

33F  101F
1. Quartz 3% 5%
2., Dolomite 63% 23%
3. Iron dolomite 30% 70%
4, Gypsum 2% -
S. Accessories 2% 2%

The sample 98C (#4 Gypsum Bed) is 98% gypsum with
2% opaques (Pyrite).

The results indicate a progressive downward trend of

the interbeds from arenitic (sandy) material through sandy

dolomite to dolomite rock. The quartz grains are subangular

to subrounded suggesting a sabkha environment of deposition.

‘This would explain the high salt values obtained in the mine

and its association with anhydrite.

Note: The process by which these thin sections are prepared
causes halite (salt) to dissolve out. Therefore
these resultée do not include the relative percentage
of salt. However cubic "holes" were observed in

several sections 1nd1cat1ng the presence of halite.

W/
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| Aﬁhar Inc. / Centre de recherches : —
DOMTAR
' ®

pDomtar Inc. / Research Centre

COURRIER INTERNE

To/A Dale 23 Sept. 85 Rel./Réf.
R. Bruce CC/Coples R.J. Booth
From/De
F. Vrillaud
Subject/Sujet
, GRAND RAPIDS GYPSUM BOARD PAPER-TO-CORE BOND
Project 85-7001-03

Four gypsum board samples, i.e. three with a bond problem and a fourth with an
excellent paper-to-core bond, were examined by Scanning Electron Microscopy to
. try to shed more 1ight on the "on and off" bond problem at the Grand Rapids
plant. Examination of the boards with poor bond showed that the areas where the
paper liner was RO Jonger attached to the core were entirely covered with
broken or poorly shaped crystals (see photographs). The good board on the
other hand had gypsum crystals well developed which appeared to weave around
the paper fibres at the paper-to-core interface. On the surface of the boards
with no paper-to-core bond, the paper fibres have left imprints but have not
adhered to the core. The broken crystal phenomenon noted on the boards with no !
bond, is only a few thousands of an inch thick, below that crust well shaped
crystals can be seen. The X-ray spectrum of the crust indicates the presence
of a small quantity of iron. Similar examination at the paper-to-core
interface of the good board does-not show any--iron-present. The only other
elements displayed by the X-ray energy dispersive spectrometer are: aluminum,
silicon, calcium, sulfur and the $.E.M. coating elements gold and palladium.
It becomes then tempting to speculate that one of the possible substances
responsible for the bond problem might be some type of iron compound, since the
other elements found or the interface either make up gypsum or are commonly
found in it, and are not known to affect the properties of gypsum boards. As
an extension to this preliminary investigation it would be interesting to
study the effect af some iron based compounds on gypsum crystal formation and

growth.

It was not possible to determine the chloride content at the paper-to-core
interface of the-investigated board samples, because the amount of material
that could be scraped off was far too small to carry out.a meaningful test.
Chlorides level determinations were performed on full thickness samples, and
the results recorded in Table I show that the NaCl-content®is as high in the
board with a.good bond, as it is in ‘the -board with:a:poor bond. In this
instance, it does not appear that chlorides are respénsible for the poor

paper-to-core bonds. -

€N ed
F. Vrﬁl]aud

wC



Bad "Board
21:00 (3"

Bad Board

(gll

Bad Board
(_2LH

85-08-15

regular)

85-08-15
F.G.)0

85-08-15
regular)

Good Board 85-08-24

8:30 (3"

regular)

Y

TABLE I

————.

- GRAND RAPIDS BOARDS -

Chloride Leve]s'

NaCl - oz/ton of Landplaster

Chlorides

11.02
9.28
13.34

11.02
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GEORGIA-RACIFIC
GRAND RAPIDS

| | INTER-OFFICE MEMO
To: Jim Price ‘ Date: December 23,1999

Michael Paused

From: Slavek Ochocinski
Subject: Grand Rapids Mine - Evaluation of Gypsum Ore Deposit.

The local gypsum ore deposit is part of Michigan Formation (Triple Gypsum -
Member). The Grand Rapids Mine has about 3,930 500 tons of gypsum reserves if the Bi-
level mining method will be the only one applied. At production level at 100 000 tons/year
the mine life span will be 39 years. The rock production cost will be at $10 or less per ton
including rock transport.

Quality of Gypsum Depgsit.

There are two gypsum seams separated by 1.5 to 3 ft of shale: seam #4 and #5.
Seam.#4 is 9 1o 11 feet thick with extra 2 feet left in the mine roof. Hundreds of rock
samples have indicated that gypsum itself is about 95% pure. However two distinctive
#i vars of siltstone and dolomite, 1 to 5 inches in thickness, degrade the purity to 86%.
Icr;the \;2* nart of the mine, gypsum converts into anhydrite. One foot layer of anhydrite
appears in the Cer%‘f‘?f section of bed'#4 and -to a I_esser exten’g - another foot
of anhydrite shows in the bottom cf the upper sectlon of ‘ghe said seam. .

runs in the North-South direction. Its Western edge is well

The anhydrite zone’ \ . _ )
know but its Eastern bounds’y roe {0 be defined. Some mining headings that are cutting

IR [#33
through the zone indicate no anhydrite (65E47N) or only small anhydrite nodules in the
carter of #4 seam (S0E47N). Four cores ~om diamond drill holes in thg Eastern side of
the mine do not show any anhydrite presence ond they have low chloride content.

The #5 seam (5 to 9 feet thick) includes random and irregular strikes of dolomite
impurities but does not have any trace of anhydrite. Its purity is in 2 low range of 90% but
it may be as low as 85%.

The chioride content distribution in seam #4 reveals a complex pattem. _
Historically gypsum in the two lower sections has had chloride in.single dlglts wnth the
upper section no more than in the middle twenties oz/ton. The high chloride content was
coming from the two thin layers of impurities and from shale in the floor.

The #5 seam has showed less then 10 oz/ton.

In the Western half of the mine, chloride content in rock has been in the single
digits or less then 160z/ton. With the mine front moving eastward, the thoride
concentration has progressively increased in gypsum in the center section of seam #4 and
in the two adjacent layers of impurities. Subsequent headings have started to u‘n\'/eql
iraces of anhydrite. When they had struck a solid foot of anhydrite, the whole mining front

was stopped.




DOMTAR GYPSUM

GRAND RAPIDS
INTER-OFFICE MEMO

To: H. Fields
Date: April 19, 1995

cc: S. Lutey
R. Hartviksen

From: Charlie Johnson

Subject: Grand Rapids Mine Gypsum Reserves

: Attached are the project gypsum reserve calculations and maps
delineating areas where the reserves can be mined at Grand Rapids.
There are three sets of calculations based.on the mining method.

\
Tabulation 1: Bilevel mining or the new mining method where .

all‘of #5 is mined with the bottom (E - gypsum) of #4.
4,573,384 tons @ 150,000 t/yr. = 30.5 years

Tabulation 2: Bilevel and high profile mining, where all of #5
and all of #4 are mined when the quality of #4 allows.
6,568,867 tons @ 150,000 t/yr. = 43.8 years

Tabulation 3: 0l1d mining method, only #4 is mined with some

areas of #5 benched.
1,713,570 tons @ 150,000 t/yr. = 11.4 years

Cinanlin .QJW«

3,920 500 tows — Gypow™ Re se rved
jaaq 4TO



Grand Rapids Gypsum Reserves
1995 Revision

Version I: Bi-level mining method

Tab. 1
Bi-level mining Combine
Mining #5 Seam #4 Seam - "E" part Field
Fields Tonnage
Width| Area Tonnage | Width| Area Tonnage
[f] ] [sqft] | [tone] [ft] | [sqft] [tone] [tone]
I 6 | 3639040 {919092.2 3 | 3639040 |459546.1
| West 6 394880 [99732.66 | #4 Seam |mined out
I N-W 6 100480 |25377.68 9.5 | 100480 |40181.33 | 1543930
Il 4-7 | 2526720 |625309.2 3 | 2526720 |319079.9 }944389.1
*) . 9.5 | 983040 [393111.6 1393111.6
1% 4-8 | 2189440 |573045.2 3 | 2189440 |276487.4 [849532.6
Vv 6-9 | 1838720 [610222.7 3 | 1838720 |232197.7 |842420.4
Total 10689280 | 2852780 11277440| 1720604 | 4573384

*) Drilling core data shows 5-6 ftof #5 s
Drilling stopped 5 ft below with

Calculating Factors:

eam.

no positive indication of #6 seam.

tone conversion - 145 #/Cuft. = 2.3241tone/Cu.m.

Recovery - 64% -
NaCl Max - 0.05% ( 160z/tone) not blended rock
- 0.14% (500z/tone) for rock #4 seam if blended with #5
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APPENDIX E

[-196 MDOT
DEFLECTOMETER DATA



KUARFWD FILE 41029.FWD |
Project K Gypsum Mine Detection on 1-196
Project Number :
Route 1-196
Direction WB shoulder
Location between Lake Michigan Dr. and Grand River
Region Grand
Customer/Client : MDOT
Operator K.Bancroft
Traffic Control : S.Curtis |
Pavement Type flexible shouider
Environment partly cloudy,mild
Traffic heavy |
Comments testing to locate void (gypsum mine)
Date Created 9/10/02 :
Load Mode 2 (3+3 buffers, 7 plates)
Plate Radius 591 (in)
Extra Field Set : FLEXIBLE
Drop Sequence 2
No of drops 3
Record Drop? Y
Drop Height 1 2 3 4
Impact Load 5000 9000 15500 20500 ibf
Sensor Number 0 1 2 3 4 5 6 7 8
Sensor Distance : 0.00 12.00 12.00 8.00 12.00 18.00 24.00 36.00 60.00 {in)
Sensor Position : CENTER FRONT RIGHT BEHIND BEHIND BEHIND BEHIND BEHIND BEHIND
= o - AASHTO
Reference Offset: [0 ft 1. . A \ Corrected
" [Testpoint spacing: |50 ft T IAJEEARNOIMAA G Subgrade
L Resilient
Distance | Load Do D3 D4 D§ D6 D7 D8 Air Pave Pvmt Pvmt Pvmt Crack | Modulus
ft Ibf mils mils mils mils mils mils mils oF oF Cond Grde Crack Sevty psi
pob gore WB ramp from M-45
0 9000 18.79 14.22 11.01 7.47 5.02 218 0.78 58 65 SHLD CUT NA FLEX 5301
50 9000 17.96 14.33 11.62 8.18 5.75 2,75 1.01 59 66 SHLD CcuT NA FLEX 4843
100 9000 22.36 16.95 13.25 8.83 5.85 2.84 1.28 59 65 SHLD CcUT NA FLEX 4486
150 9000 24.44 18.40 14.07 9.27 6.19 3.08 1.61 59 66 SHLD CcuT NA FLEX 4273
200 9000 23.61 17.73 13.51 9.06 6.17 3.12 1.46 60 65 SHLD CUT NA FLEX 4369
250 9000 20.98 16.81 13.64 9.73 6.98 3.60 1.62 61 66 SHLD CcuUT NA FLEX 4068
200 9000 20.79 16.54 13.30 9.39 6.76 3.64 1.70 62 66 SHLD CUT NA FLEX 4217
350 9000 19.59 15.48 12.34 8.64 6.04 3.04 1,38 62 67 SHLD CUT NA FLEX 4585
400 9000 23.13 17.99 14.29 9.85 6.74 3.26 1.60 62 67 SHLD CUT NA FLEX 4020
450 9000 22,40 16.93 13.08 8.71 6.00 3.29 1.54 64 67 SHLD CUT NA FLEX 4545
500 9000 19.38 15.07 11.99 8.40 5.81 2.89 1.17 64 68 SHLD CuT NA FLEX 4716
550 9000 21.42 16.53 . 12.92 8.73 5.91 2.85 1.07 64 67 SHLD CuT NA FLEX 4538
600 9000 20.50 14.99 11.09 6.95 4.49 1.88 0.68 63 67 SHLD cuT NA FLEX 5695
650 9000 22.23 14.72 10.16 5.65 3.24 1.23 0.42 64 68 SHLD CcuT NA FLEX 7013
700 9000 23.67 16.01 10.65 5.66 2.80 0.62 0.15 64 70 SHLD cuT NA FLEX 5577
700 IpoerampfromM-45 | \oke Mirbarpbin Orideo
750 © 9000 23.21 14.53 9.21 N| 434 2.16 0.58 0.20 66 70 SHLD CuT NA FLEX 6452
801 9000 24.37 15.57 10.22 5.10 2.56 0.59 0.19 65 71 SHLD cuTt NA FLEX 5812
850 9000 28,62 18.64 12.62 6.71 3.78 1.28 0.27 65 71 SHLD cuT NA FLEX 4708
901 9000 28.47 18.63 12.38 6.64 3.568 1.01 0.32 66 68 SHLD cuT NA FLEX 4799
950 9000 23.46 16.61 11.95 7.16 4.24 1.35 0.33 64 69 SHLD CUtT NA FLEX 4972
1000 9000 21.83 15.77 11.63 7.19 4.47 1.68 0.63 65 70 SHLD CuT NA FLEX 5106
1050 9000 22.60 16.50 12,26 7.58 4,71 1.68 0.49 64 69 SHLD CuUT NA FLEX 4846
1100 9000 29.93 21.26 14,97 8,77 5.24 2,10 0.92 63 70 SHLD CUT NA FLEX 3968
1150 9000 27.59 19.52 14.20 8.71 5.35 213 0.82 63 68 SHLD CcuT NA FLEX 4184
1200 9000 26.03 18.05 13.23 8,08 512 2,30 0.93 62 67 SHLD CUT NA FLEX 4489
1250 9000 23.57 16.99 12.53 7.82 4.93 2,08 0.85 62 67 SHLD CuUT NA FLEX 4741
1300 9000 27.85 20.47 16.31 9.69 6.29 2,67 0.89 61 67 SHLD CuT NA FLEX 3880
1350 9000 27.88 19.40 14.20 8.568 5.16 1.93 0.79 62 67 SHLD CUT NA FLEX 4182
1400 9000 31.78 23.11 17.24 10.79 6.81 2,87 1.24 62 68 SHLD CUT NA FLEX 3446
1450 9000 28.52 21.17 16.83 10.12 6.60 2,95 1.45 63 69 SHLD CUT NA FLEX 37563
1500 9000 26.31 19.81 15.01 9.67 6.21 2,57 1.00 64 71 SHLD cuT NA FLEX 3958
1526 9000 33.10 22,53 15.86 9.54 5.99 2.83 1.32 63 74 SHLD cuTt GPR1 FLEX 3744
1650 9000 29.60 22,08 16.79 10.82 7.04 3.32 1.65 62 73 SHLD CuUT NA FLEX 3539
1600 9000 27.63 19,89 14.80 9.62 6.62 3.72 2,10 63 68 SHLD CcuTt NA FLEX 4013
1650 9000 28.41 19.67 14.07 8.60 5.55 2.66 1.25 62 70 SHLD CUT NA FLEX 4223
1700 9000 26.72 18.97 18.77 8.64 5.85 3.07 1.50 63 68 SHLD cuT NA FLEX 4313
1750 9000 30.14 22.41 17.10 11.22 7.64 3.91 1.69 63 69 SHLD CcuT NA FLEX 3474
1800 9000 26.00 18.96 14.14 9.29 6.33 3.42 1.69 62 68 SHLD CcuT NA FLEX 4202
1851 9000 25.70 18.37 13.38 8.58 5.83 3.20 1.57 63 68 SHLD CUT NA FLEX 4441
1900 9000 26.25 17.37 12.42 7.83 5.40 3.16 1.66 63 69 SHLD CuUT NA FLEX 4784
1950 9000 27.23 18.76 13.02 7.87 5.27 2.98 1.63 64 72 SHLD CUT NA FLEX 4562
2001 9000 24,70 17.78 13.25 8.69 5.97 3,28 1.66 65 70 SHLD cut NA FLEX 4482
2051 9000 26.04 18.73 13.86 9.00 6.24 3.50 1.86 65 70 SHLD CUT NA FLEX 4287
2100 8000 22.27 17.41 14.13 10.12 7.29 3.99 1.80 64 69 SHLD CUT NA FLEX 3912




2450 9000 20.33 15.61 12,25 8.65 6.02 3.14 1.38 64 71 SHLD FILL NA FLEX 4630
2169 900 21.93 16.97 13.24 9.20 6.52 3.40 1.60 65 69 SHLD | FILL GPR2 FLEX 4304
2200 9000 16.63 14.16 12.06 9.60 7.35 4.28 1.88 65 76 SHLD FILL NA FLEX 4039
2239 |pob Butterworth Rd.
2450 |poe Butterworth Rd.
2500 9000 23.89 17.72 13.22 8.56 5.56 244 0.99 65 73 SHLD FILL NA FLEX 4494
2600 9000 24,56 17.47 12.40 7.16 4.23 1.50 0.55 66 72 SHLD FILL NA FLEX 4792
2700 9000 27.73 18.98 13.40 7.57 4.39 1.63 0.66 67 74 SHLD FILL NA FLEX 4432
2800 9000 21.15 15.99 12.51 8.66 6.09 3.40 1.52 66 74 SHLD FILL NA FLEX 4571
2834 ' |pob bridge
3015 |poe bridge
3100 9000 26.67 17.69 11.84 6.49 3.80 1.55 0.80 66 74 SHLD FILL NA FLEX 5017
3250 9000 31.10 20.00 12.87 6.68 3.82 1.62 0.84 69 79 SHLD FILL NA FLEX 4617
3500 9000 30.25 18.57 11.73 5.66 3.05 1.25 0.78 69 78 SHLD FILL NA FLEX 5063
3700 9000 29.49 18.98 12.28 6.44 3.61 1.52 0.79 70 81 SHLD FILL NA FLEX 4836
3900 9000 28,53 18.43 11.92 6.27 3.62 1.51 0.67 70 79 SHLD FILL NA FLEX 4983
4100 9000 28.53 18.28 11.60 5.88 3.28 1.28 0.55 70 78 SHLD FILL NA FLEX 5121
4301 9000 31.82 19.64 11.96 5.72 3.18 1.22 0.62 71 79 SHLD FILL NA FLEX 4965
4501 9000 28.59 18.92 12.29 6.43 3.61 1.46 0.84 72 81 SHLD FILL NA FLEX 4833
4700 9000 31.41 20.37 13.63 7.42 4.40 1.92 0.97 71 82 SHLD FILL NA FLEX 4358
4795 9000 31.94 20.64 13.66 7.16 4.23 1.99 1.19 71 81 SHLD FILL NA FLEX 4350
4850 9000 28.74 18.71 12.37 6.64 3.98 1.93 1.16 71 80 SHLD FILL NA FLEX 4801
4900 9000 30.81 20,79 13.97 7.55 4.36 1.96 1.20 73 83 SHLD FILL NA FLEX 4253
5100 9000 37.57 23.29 14.37 6.82 3.71 1.45 0.81 72 83 SHLD FILL NA FLEX 4133 -
5300 9000 38.55 24,87 16.87 7.91 4.41 1.62 0.98 71 82 SHLD FILL NA FLEX 3744
5763 |pob Grand River
4564
Average 25,94 18.27 13.16 8.05 5.16 2.39 1.09 65 71 631
Stdev, 4.45 2,37 1.61 1.49 1.33 0.93 0.49 4 5 7013
Max. 38.55 24.87 17.24 11.22 7.64 4,28 2,10 73 83 3446
Min. 16.63 14.16 9.21 4,34 2,16 0.58 0.15 58 65 14%
C.ofV. 17% 13% 12% 18% 26% 39% 45% 5% 7%
0 EB 1-196 poe Grand River
200 9000 27.95 21.21 16.53 11.26 7.79 3.86 1.72 69 77 SHLD FILL NA FLEX 3517
400 9000 23.60 18.35 14.27 9.60 6.51 3.04 1.30 69 81 SHLD FILL NA FLEX 4126
600 9000 27.03 19.32 14.13 8.39 5.18 2.30 1.20 69 82 SHLD FILL NA FLEX ° 4205
800 9000 28.08 19.60 13.96 8.44 5.28 2,35 1.19 69 83 SHLD FILL NA FLEX 4256
1000 9000 22.79 17.14 13.13 8.70 5.73 2.31 1.07 69 82 SHLD FiLL NA FLEX 4523
1200 9000 26.32 18.64 13.35 7.89 4.69 1.86 1.00 67 83 SHLD FILL NA FLEX 4448
1400 9000 26.84 18.47 13,13 7.60 4.67 2.03 0.95 68 82 SHLD FILL NA FLEX 4523
1600 8000 22,83 16.32 11.68 6.91 4.13 1.61 0.78 68 82 SHLD FILL NA FLEX 5087
1800 9000 24.87 17.62 12.77 7.58 4.59 1.80 0.80 69 83 SHLD FILL NA FLEX 4653
2015 9000 25,20 18.48 13.69 8.37 5.04 1.62 0.63 70 84 SHLD FILL NA FLEX 4339
2200 9000 25.52 17.59 12.52 7.25 4.33 1.61 0.80 70 84 SHLD FILL NA FLEX 4744
2400 9000 24,67 18.07 13.44 8.23 5,03 1.69 0.60 69 85 SHLD FILL NA FLEX 4419
2600 9000 24,93 17.86 13.18 8.19 5.03 1.89 0.83 68 84 SHLD FILL NA FLEX 4507
2767 |pob bridge
2943 |poe bridge
3000 9000 25,52 17.95 13.09 8.16 5.25 2.30 1.01 69 85 SHLD FILL NA FLEX 4539
3200 9000 21,95 16.01 12.40 8.50 5.81 2.82 1.16 70 84 SHLD FILL NA FLEX 4657
3358 |pob Butterworth Rd.
3564 |poe Butterworth Rd.
3600 9000 29,97 19.57 13.76 8.67 6.13 3.64 1.91 70 86 SHLD FiLL NA FLEX 4318
3700 9000 26.55 18.90 13.75 8,72 5.86 2.92 1.45 71 85 SHLD FILL NA FLEX 4319
3800 9000 26.64 19.11 14,14 8.98 6.04 3.17 1.58 73 87 SHLD cuT NA FLEX 4200
3900 9000 28.56 19.31 13.72 8.01 5.07 2.26 1.10 72 87 SHLD CUT NA FLEX 4330
4000 9000 29.84 22,33 16.89 10.91 6.94 2.78 1.31 72 87 SHLD CuT NA FLEX 3516
4100 9000 26.10 20.50 16.29 11.39 7.85 3.79 1.85 74 87 SHLD CUT NA ' FLEX 3476
4200 9000 26.85 19.99 15.41 10.50 7.34 4.04 214 74 87 SHLD cut NA FLEX 3771
4250 000 29.62 20.63 15.13 9.80 6.61 3.47 1.94 73 88 SHLD CUT NA FLEX 3927
4300 9000 29.38 20.93 15.65 10.36 7.13 3.69 1.94 72 88 SHLD CUT NA FLEX 3796
4350 9000 30.66 21,87 16.45 10.76 7.38 3.89 2,04 72 87 SHLD CcuT NA FLEX 3611
4400 9000 25.02 18.78 14.52 9.72 6.76 3.58 1.87 73 85 SHLD CcuT NA FLEX 4075
4451 9000 24.34 18.21 14.05 9.18 6.26 3.156 1.59 75 87 SHLD CcuT NA FLEX 4227
4500 9000 22.67 17.16 13.27 8.94 6.11 3.07 1.47 73 87 SHLD CUT NA FLEX 4428
4600 9000 21.56 15,10 11.00 6.87 4.50 2,07 0.80 73 86 SHLD CUT NA FLEX 5402
4650 9000 22,28 14.70 10.04 5.71 3.42 1.37 0.48 73 87 SHLD cuT NA FLEX 5914
4700 9000 23.43 15.65 10.89 6.29 3.77 1.41 0.41 72 88 SHLD CuT NA FLEX 5456
4800 9000 22.88 14.93 10.12 5.39 2.89 0.69 0.20 71 88 SHLD cuT NA FLEX 5872
4900 9000 23.51 15,91 10.76 5.77 3.17 0.90 0.32 71 86 SHLD CUT NA FLEX 5519
5000 9000 24,76 15.07 9.47 4.59 2.34 0.48 0.12 71 85 SHLD CUT NA FLEX 6270
5100 9000 22,74 14.89 9.88 5.26 2.79 0.66 0.10 71 84 SHLD CUT NA FLEX 6014
5200 9000 22.27 16.54 11.08 6.66 4,16 1.90 0.90 71 86 SHLD CcuUT NA FLEX 5363
5300 9000 23.28 15,16 9.82 4.99 2.73 0.54 0.15 71 85 SHLD CUT NA FLEX 6049
5400 9000 21.09 14.07 9.73 5,29 2.94 0.80 0.16 71 84 SHLD CUT NA FLEX 6105
5500 9000 20.85 14.88 10.75 6.81 4.61 2,37 1.04 70 82 SHLD CUT NA FLEX 5524
5600 9000 21.39 14.83 10.89 7.30 6.33 3.23 1.72 71 82 SHLD FILL NA FLEX 5427
5650 9000 21.08 14.98 11.03 7.47 5.54 3.64 2.17 71 84 SHLD FILL NA FLEX 5299




5664 9000 20.81 15.61 11.90 8.24 6.09 3.86 2.28 73 83 SHLD FILL NA FLEX 4808
5700 9900 19.37 15.62 12.81 9.62 7.10 4.18 2.17 69 83 SHLD FILL NA FLEX 4161
6200 9000 13.29 10,98 9.04 6.58 4.62 1.80 0.26 68 83 SHLD CuT NA FLEX 6021
6300 9000 15.90 12,72 10.20 7.08 4,66 1.76 0.20 70 84 SHLD FILL NA FLEX 5591
6400 9000 16.17 12.86 10.32 7.22 5,00 2.08 0.37 70 85 SHLD FILL NA FLEX - 5482
6500 9000 12.46 10.40 8.78 6.81 5.08 2.54 0.46 71 86 SHLD FILL NA FLEX 5818
6600 9000 12.36 10.50 9.01 7.03 5.29 2.77 0.66 71 86 SHLD FILL NA FLEX 5611
6700 9000 12.53 10.76 9.40 | 7.84 6.28 4,05 1.73 70 85 SHLD FILL NA FLEX 4729
6800 9000 10.18 8.92 7.86 6.41 5.20 3.34 1.41 70 86 SHLD FILL NA FLEX 5715
6871 |poe M-45 W. edge
Average 23.17 16.67 12.38 7.92 524 2.46 1.11 71 85 4814
Stdev. 4,90 3.14 2.29 1.68 1.37 1.04 0.65 2 2 795
Max, 30.66 22.33 16.89 11.39 7.85 4.18 2.28 75 88 6270
Min. 10.18 8.92 7.86 4.59 2.34 0,48 0.10 67 77 3476
C.of V. 21% 19% 19% 21% 26% 42% 59% 3% 3% 17%
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APPENDIX F

MDOT FILE
CORRESPONDENCE
CONCERNING I-196

CONSTRUCTION
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Thwrsday, July 20, 1961, an informsl meeting wes held at
the U,S, Gypsum Company of Grend Rapids for the purpoee
of determining the location and condition of existing

mine shafts that mey fall within the limits of Gur pro-

posed roadway.
Those in attendance were:

Charles Yourig  Mine Engineer, U.S. Gypmm Co.
» W. E. Groomer Squad Leader o -
0. KEalwbach Ase't Squad Leader . ¢

It was determined that the entire mine field lies South
of Fulton Street and West of the South See. Line of Sec 27
which our plans show as the Grand Rapids Oity Limits, Our
affected roadway would be betwsen Sta 442 and 463. It wvas
further determined that this mined area is Inactive and
has experienced cave~ins but none of receat yeara,

While all mining operations are presently North of Butter-
worth Ave, years ago there had been some activity to the
South which may have extended beyond the river. There are
no records of this operation and informstion is vague, Mr.
.Young is to check further on this.

The problea of cave-ins wes discussed and it appears that
while the area of concern is quite stable, future cave-ins
would not be impossible. It was pointed out that due %o
the depth of the mines it sometimes takes years for the
results of a cave-in to reach the surface.

Mr, Young 1s to supply us with a print of his mp, showing
mine locations,

It was brought out at this meeting that a dust problem
would in all probability be encountered by motorist upon
completion of the roadwey unless preventive msasures were
taken on part of U.8. Gypsum Co, The dust which is creatsd
thru ths msrufacturing process i{s intenss enough at times
to create hsgordous driving due to reduced visibility,
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Dear Mr. Knecht: i

TN

1 M.5.H.D.

- -

P

~
As you know, Departégat emalcveeé”g§§ﬁﬁb§5ffgti.m pith |
us for purchase of lands for a freeway. (Incidentally,
the initial offer is absurdly low by all standards).

Much of the land is over old areas mined by us many
years ago, We consider it hazardous for highway use
because of the danger of sudden subsidence. Department
engineers have seemed unimpressed by our warnings. Of
course, through instruments of conveyance Or otherwlae,
our Company must have indemnity against damages for
injury to person and property of others,

Also, as to some of the lands, we have nd yet mined

the second level. We shall insist upon reserving these
mineral rights. Modern mining methods permit this with-
out danger. We frequently mine under ad jacent highways
and uniformly reserve such rights, This reservation

will beneflit the State; otherwise, the surface value would
be enhanced by the value to us as a gypsum producer of the
sub-surface ore. We anticipate no problem 1in the matter
of gypsum rights reservations.

We hope the Department appraisers will soon become real-
istic so that negotiations may be resumed,

This letter 1s being directed to you because of our past
pleasant phone conversations. An extra copy 1s enclosed
for your convenlence.

Cordially, RECE\V ED
GRAND RAPIDS GYPSUM COMPANY
| 9 1962
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Donald G. Slawson, C:L;ﬁxvoeﬂ-
Executive Vice Presiderffif, naeics mie
DS gd Treasurer |
P.53: Thought you might use an exira clipping.
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Zrpad Banida Gypsus Cnopany
#.8. Bon 74 ‘
grams Rspids 1, Hichigen \ \

Actention Br, Boasid 8. Slamion
#pgeetive Yieo-Praaideat, Tregiures

Eane . Dimeseny

Thank you fop vour (nforvative tasrer of Pabruayy 13
ragurding he Fypoum wines loceind an the wasl sdge of
shig £13y oF Srand Rapids,

The sekjass of engine=ering spfaeards Tor the v
tromesy hat b dissussed with tr, 8. be FEBEG.a3, pusinn
ovelosmsst Srgiuosy, end ho s fully mwre of the prebless
invotved, (anidestally, 1 knew that b apnrecates the
prabies beoguzs he was with me the ’5&? et angl Ry towak
sy throsgh thel part of the mins. This was dovring the
sl romts loestion studies weots in torauistion.

A4 o the matied pertainlng o e oot of rlghteol-way,
1 sanaelly sl tate Lo commenl €0 chat tnasamch g this ls
eightfully the Job of the R1ohiwof-Hay Hvigion, Therafore,
! mn gpendimg them & copy of your jarter for theiv tnformetion.

hank yas Tor your Kindnost ond § eartalinly do ressll
owr tolephona conversations of the patk.

Jubm W, Haeeht, ¢,
siracior of Public Hearings
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eo: &, L. Stokstad
W OH, Strpekend
1 /l‘ ,/ P
Je ey R R i



V.ORAND PAPIDS I,,NICH] Y

GLENDALE 8= 2413

’ t three quartorl :
.e would lood our nny 11




March 8, 1962.

G. J. McCarthy,
Chief of Design

0. L. Stokstad,
Design Development Engineer

Grand Rapids Gypsum Company
ACC - 41029 D - 49

A conference with the Grand Rapids Gypsum Company was held in Grand
Rapids on Wednesday, March 7, 1962, Mr. George Fisher and two assistants
represented the Gypsum Company. The Highway Department was represented by
Messrs. Clark, Koster, Rock, Allemeier, and Stokstad. ©Purpose of the
meeting was to obtain 1nformat10n concerning mining operations and thelr
influence on proposed expressway design and construction in the area.

The Gypsum Company provided a map of their property, showing express-
way location and where this location rests over areas which have been
mined out. Also, marked on the map are floor elevations of the old mine.
Generally there is from 30 to 40 feet of rock still in place over the
mine openings shown. Additional resistivity information is being requested
to obtain definite information concerning the surface elevation of the rock.

Generally the thickness of the gypsum deposit removed varies
from 7 or 8 feet in the more recent operation to the south and 12 feet in
the older operations to the north.

Portions of the pillars were removed in the older north portion, with
the result that partial collapse has occurred, causing surface settlements
which can be observed.

Mr. Fisher was informed that the Grand Rapids Gypsum Company would
not be expected to be responsible for damages which might be caused by or
could be traced to collapse of rock formations in present mined-out areas.

0. L. Stokstad,
Design Development Engineer

OLS:VS

cc: J E Mayor
H J Koster
Karl Rock
A E Matthews
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In:actual practice; the cost of this board: mill site _ :
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year period would many times eclipse he difference in -
-‘original building expense, Plan C could not be ‘recom= || -
. mended ‘to the company. - ’lan C was withhéld,rromid, rect.
o :'n_jéfgbti'a‘ti‘on_l.'excéptipg to recognize its existence and its -
... defensibility in any ultimate damage trial.. PR
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- Bench & ‘miscellaneous attacked racks’

~and nnall tools. .




'Pete rscm,‘ Manager of Induatrul Development for"‘
Exhﬁnt 5 complcte: thn correlpondence. SPER
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L. Cook’
Asst. to the Engineer of Testing & Fese arch

D. D
District Soils & MMaterials Encineer
Subsidence of road over “Mine Shafts.

Attached is some old correspondence related to the Gvpnsum mines
located near or under J-196 between the Grand River and Lake Michigan
Drive., TFrom this correspondence it apnears tliat the old mines run
under I-196 from Sta. 442400 to Sta. 463+00, Project 41029 D, I-196
from Grand River to Sibley Street. The District has obtserved no
subsidence in this area within the R.0.V,

I contacted Chet Ferineca of the Kent Countv Road Commission to sgee
if they had experienced anv subsidence problems on any of their roads.
Mr. Feringa said the countv hacd experienced mno sub81dence problems.

I discussed the subsidence gquestion with Mr. Trv of the Grand Rapnids
Citv Engineers Office. ¥e stated that the city had experienced some
subsidence of Butterworth Road between Veterans Memorial Drive and
0'Brien Street. Thev took care of the problem by closing the road,
filling the hole with fill material, resurfacing the road and hoping
the road did not continue to settle. Mr. Fry said they had experienced
subsidence in several areas on Butterworth Road.

It anpears from the attached letters that the mined out laver of
gvosum varied from 7 to 12 feet in thickness. The collapse of the
oll mined area was caused by the removins of the supnorting pnillars.

It mav be of interest to note in *r. Stokstad's letter to McCarthy
that the Department assumed the rcsponsibilitv for damage within
the R.O.W. caused by the collanse of rock formations in the mined
out area.

[EIR »3 . L?'Ol*.‘:i.‘

MMD:mab

ca: . Allermcier
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COMMUNLTY DEVELODMENT COMMITTEE ﬁf
September 25, 1973 o . ’ Page 4

J/' For Information Purposes: i
Mr. ilornbach reported a street cave-in .in the vicinity of
Butterworth Street necar O'Brien Road, stating it possibly is
a result from the undcrground mining. As in many other mining
areas, the street was deeded to the City (about 100 years ago)
without liability to the mining companies. However, it was the
staff's recommendation that the street should be repaired. Asst. -
City Attoruney palkema said there is a question of the City
conceding to this type of liability but would not disapprove the
fact that the street should be repaired because of the safety
factor. Com. Sypniewski added that the road is quite travelled
and funds should be appropriated for the repairs and the pro-
blem of liability be looked into later. g

Committee concurred and City Engineer Hornbach will make arrange-
ments for an emergency bid.

f |

26230 Y 11. Resolution authorizing contract to establish a computerized sigon
inventory svystem for the City. - _ S
It was noted by Mr. Zainea that expenditures for the above con-
tract has been approved. Traffic Engineer Simmons explained that
in 1946 there were several thousand signs (street and traffic)
installed in the City which were not catalogued as to cost, lo-
cation or condition. Consequently, it was necessary to go
through town and mark their information as much as was possible.
Through the years these signs are removed, stolen, rusted, etc.
and as the complaints are received, it 1is difficult to determine
exact locations or conditions. About three years ago a Traffic
Engineer started the idea of movies and photo loggzing each strecet
which information is then put on computer cards. In addition to
Traffic Engineer's information these records can be utilized by
other departments determining the condition of curbs, hydrants,
number of homes, street lighting conditions, mumber of lighting
poles, crosswalks, etc. Mr. Simmons added that this program is
now being done om a statewide basis and in his opinion is a
great advance plus dollar savings for the City.

The question was raised whether in ten years the problem of
missing signs would still remain, as citizens still must call,



% CIt~ oF GRAND R PIDS

INTER - DEPARTMENTAL LETTER
Date February 6, 1973

To: City Engineer ‘ Attention: John L. Hornbach
From: - pield Engineer
Subject:

1. Department of Natural Resources
Lansing, Michigan
Geological Survey Division

A

Mr. Thomas Segall, Geologist, Mining and Economic Geology
L ST -BF - SE5E ’

. This department deals with the appraisal of mines
and is in charge of land use and reclamation of land.

2. Department of Labor
Lansing, Michigan
Bureau of Safety and Regulation

Mr. Allan Harvie, Deputy Director, Occupatlonal
Safety Services

This department deals with the safety aspect
‘withv rules and regulations governing employees
safety. . .

3. TUnited States Department of the Interior
Bureau of Mines, Health and Safety Division

Duluth, Minnesota
1-218-727-6451

Mr. Robert Moore

This department deals with the health and- safety
aspect of the mining industry.
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INTER - DEPARTMENTAL LETTER
Date February 13, 1973

To: City Manager ' Attention: Joséph R. Grassie

From: City Engineer

Subject: Road Subsidence on Butterworth Road

At your request, this office investigated the road subsidence:
caused by Georgia Pacific mining ‘activities on Butterworth
Road and responsibilities for the repair.

There does not appear to be any clear cut rule that can be

applied to various cases. To the best of our information, there

are three agencies that have jurisdiction over mines in Michigan,

none of which takes responsibilities for surface repairs. Attached
- i{s a list and a brief statement concerning their activity.

Mr. Donald Goulais of the Highway Department, Attorney General
Division in charge of the Upper Penninsula Office, has had some
experience with road subsidence in that part of the State. It
was his opinion that the mining company causing the damage would'
be responsible for lateral and subjacent support or repairs of
damages due to the lack thereof if: L

1. The road,was established by user prior to mining under
*  the roadway.

2. The deed for the road was acquired by the public agency
prior to acquisition of mining rights or a deed was re-
ceived from the mining company without an exclusion for
mineral rights. :

The public agency having jurisdiction over the road would
be responsible for the cost, if the deed to the roadway
was acquired without mineral or mining rights.

Regardless of who is responsible for the cost of repairs, Mr. Goulais
stated that the public agency would be the party responsible to see
that the road was in proper repair or else properly barricaded to
prevent its use. The public agency could be held responsible for
property damages or injuries due to the lack of repalr or proper
barricades. T

'y



Page 2
Joseph R. Grassie
February 13, 1973

The Kent County Road Commission was contacted, and they stated that
the roadway was acquired by user except for one section that was
acquired from Bestwall Gypsum Co. (dow Georgia Pacific Co.) with

a deed that did not retain mineral rights. If this is so, it

would appear that the Georgia Pacific Company would be responsible
for making the necessary repairs.

To avoid problems of fixing the responsibility for roadway sub-
sidence problems in the future, it might be well to request a
state law to require the party doing the damage to provide proper
lateral and subjacent support and be responsible;for‘repairs due

to the lack thereof. : \

n L. Hornbach, P.E.
City Engineer ‘ '

JLH:rg
Attach.



APPENDIX G

1962 MDOT SEISMIC REPORT
ON 1-96 ~
BY MR. D. N. HART
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OFFICE MEMORAMDUM

4’ MICHIGAN
, i{ STATE HIGHWAY DEPARTMENT

JOHN. C. MACKIE, COMMISSIONER May L, 1962

To: Mr, R, L. Greenman : A
Assistant Testing and Research Engipeer ’,,,ﬁ

From: G. 0. Kerkhoff

Subject: Report of Seismic and Boring S
' I-96, Grand Rapids Area
Butterworth Road to Fulton Street

Control Section 141029D.

Transmitted for your dlstrltmtlon
survey was made on survey centerline of ‘that
overlying the old mined area of the¢Gran
Geologist, not only superv1sed the‘
inspection of the Gypsum mine beneath ‘the propose
underground conditions are most revealxng

Survey results 1nd1cate that subsurface ‘conditian
the. bedrock surface is 1rregu1ar In"plab :

Interpretation of our flndlngs ‘show_th
has caved in the past and is- actlvely'cav1ng t
caving within proposed right of way is. ‘evide

exhibits of cone shaped sub51dence resultlng‘fro

w1th these conclu51ons

a0, Kerkhoff 4
' o Head of Soils. Section ,
GOK : DFM: PL S Testing Laboratory Division

ATL (h).
cc: W, W. McLaughlin

c. S. Lun dbgrg

N. C. Jones

A, E. Matthews.

J. G, Hautal

K. R. Rock
Progect Englneer
C. J. Olsen

D. F. Malott
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"REPORT OF SEISMIC AND BORING SURVEY
I-96, Grand Rapids, Butterworth Road to Fulton Street
Control Section 41029D
May L, 1962
This report presents the results of a seismc and bomng survey on

the above Project, The intended purpose of this survey was to prov:l.de

bedrock depth data beneath the proposed I- 96 roadway crossing the Grand

Rapids Gypsum Company Property. Th:Ls »sur y;wfgts run under'wthe dlrect
supervision of Mr. D. N. Hart, Geologist

The area encompassed by th:Ls surve;;z ]ies entirely n‘iri;o:rj‘ainic

deposits associated with the Valparalso Moralnic Sys em, Thel complex

- soil structure and accompanying rugged surface relief _encoun‘l:ered during

this survey are typical of mora:.nic glacial deposi‘bs.

Figure I of this report shows a Geuera;l. Loce'b;gon. Planof the survey

area, The position of seilsmic shotholes, seismic '.‘tiferwféi'isej't‘races, and

correlation boreholes with respect to survey cen‘berlineare 11lustrated,
The randan orientation of many of the seisrrﬁc 'brave:oses‘ uas‘necessexy in
order to avold excessive terrain corréctiorﬁ and vafious cultural ‘obstacle's.
Caved mine roof areas shown on the location plan do n_o_'E reflect their
presence at the ground surface bv observable ground subsidences'. “ No
observable ground subsidence was discovered in the areas traversed by this
survey,

‘ Figures IT and IIT depict the subsurface character and structure,

along survey centerline from Station 43L+90 to L62+00, as inferred from
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‘geophysical and boring data, In general, the subsurfaée here is charac-
terized by thick Clay and Loam Glacial Till deposits overlying Shale and
Gypsum Bedrock of varying hardness. The Cla;} and Loam Till contains
lenses of dry and saturated granular soil, A considerable surface deposit
of sandy soil is present from Station L47 to Station Lé2, survey center-
line. Seismic data at Stations 452 and L5SL, surve;} cen‘berline, indicates -
the presence of a depression in the Hard Shale Bedrock'surface which may
extend down, or nearly down to thé mine roof, The presence of this"
depression above ban area of indicated exteﬁsive m;i.ne roof caving may be .
more than coincidental,

Figure IV illustrates a cross sectional iﬁterpreté'bion of subsélrfacie
character and structure along a random traverse extending 1,650 feefo\/Wést
of Station 458, survey centerline. The pr‘imaryl reason for this traverse
was to compare the results of-seism:'_c souncﬂngs:“conduc'l;;ed ovér mined ahd
unmined areas. Results indicate generally that partial 'removal. of |
Gypsum Bedrock by mining and the associated fracturing, by blasting oper-
ations of overlying and adjacent bedr’ock‘ layers can be detected by
seismic velocity measurements in this area,

During the éonduct of this survey, the writer had the opportunity
to personally examine portions of the Gypsum ﬁne uz;derlying the proposed
roadway and other parts of the mine not within the proposed roadway. The
portion of underground workings immediately below Stations 460 to Lé2,

survey centerline, were found to be free of caving conditions and water,

However, when attempts were made to examine the mine workings from Stati ons
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bl to L59, survey centerline, the writer encountered caved mine roof
and water of sufficient depth to discourage further inveStigations

of this area. In addition t6 the foregoing, mine workings not within
the proposed roadway were examined where the mine roof had completely
collapsed. Large amounts of yellow sand and cobble gravel were found
filling the mine workings at these points. The ground surface above
these caved areas is marked by meny funnel;shaped depressioné, some of
which are LO or 50 feet in diameter and as deep as 25 feet The writer
also observed the effects of mine floor heaving and mine p:Lllar collapse
due to swelling or slaking of soft shale beds,

In conclusion, the writer believes that mlne'rcofhcoﬁdltions_under
much of the proposed I-96 roadway lying over the mined area a;f‘e unstable,
. This is not to imply that the mine under the proposed roadway is on the
verge of complete immediate collapse. It is to 1ndlcate, however, that
progressive deterioration of the mine roof rock is underway at this
location, The material above the Hard Shale Bedrock at'Station Lok,
survey centerline, should be investigated in detall, This should be .
done by a deep core boring, as this location could easily become & focal
point of possible future mine roof collapse.

OFFICE OF TESTING AND RESEARCH

DN, Hart

P
D, N, Hart
Supervisor of Seismic Survey
Sub-Unit
Testing Laboratory Division



FIELD LOG OF CONTINUQOUS FLIGHT AUGER AND WASH BORINGS

I-96, Grand Rapids, Butterworth Road to Fulton Street
Control Section L1029D

MDU Boring B-1, Station 43L4+90, Survey Centerline

OV O O
Ul

12

22,5

2
6.5
- 9
10
12

- 15
22,5
- 26+

feet
feet

feet

feet

feet

feet
feet
feet

Brown Loam

Plastic Brown Clay

Soft Dark Gray Shale

Firm Dark Gray Shale ~

Very Hard Drilling PTobable Limestone
Lense

Probable Soft Wéathered Shale

Hard Drilling - Probable Firm Shale

- Very Hard Drilling - Probable Shale, No

Recovery from 10 to 26 feet due to Enlarged
Borehole = - o -

Test Hole No. 7, Wash Boring, Statlan 30 feet Left of Station L36+08,
Survey Centerline ‘ : (i _

O Fw oo
Ul

12
1L

i

OV aFwo
L 3
Ul\nu

- 12
-1
- 22+

feet
feet
feet
feet

feet
feet
fest
feet

Topsofl it e f
Stiff Yellow Sandy Olay N

. Stiff Yellow and Gray Mottled Clay

Moderately Compact Yellow Medium Sand with
Heavy Traceé of Clay =. .

Stiff Gray Sandy Pebbly Clay

Hard Gray Sandy Pebbly Clay

Stiff Gray Sendy Pebbly Clay

Stiff Yellow Sandy Pebbly Clay

‘MDU Boring B-2, Station LLO, Survey Centerline

feet
feet
feet
feet
feet
feet
feet
feet
feet
feet
feet

Brown Sandy Loam Topsoll
Yellow Fine to Very Fine Sand
Yellow Fine Sand ‘
Yellow Fine Sandy Loam
Yellow Fine Sand

-Firm Reddish-Brown Pebbly Clay Loam

Hard Brown Pebbly Clay Loam

Gravelly Sandy Loam

Fine to Medium Loamy Sand

Firm Gray Pebbly Sandy Clay Loam
Very Hard Gray Pebbly Sandy Clay Loam
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MDU Boring B-3, Station LL2, Survey Centerline

0 - 16 feet Yellow Sandy Loam

16 - 19 feet Firm Reddish-Brown Silty Glay A

19 - 24 feet Firm Grayish-White Pebbly Sandy Clay Loam
2, - 28 feet  Firm Grayish-Brown Pebbly Sandy Clay Loam
28 - 31 feet Brown Sandy Loam

31 - 38+ feet Firm Gray Pebbly Sandy Clay Loam

MDU Boring B-L, Station LL6, Survey Centerline

0 - L feet Brown Loamy Fine Sand
L - 5 feet  Yellow Fine Sand
5 -7 feet  Yellow Fine Sand with Clay Lenses
7 -12,5 feet. Brown Loamy Fine Sand with Occasional Pebble
12,5 - 20 feet Plastic Brown Pbbbly Sandy Clay
20 - 25.5 feet Firm Brown Clay -
25.5 - 31 feet  Harder Drilling - o Recovery - Probable Stiff
Stiff Gray Glay'or Loam -
31 -1 feet  Easy Drilling -~ Recovered Saturated Gray Fine
to Very Fine Sand SR
b1 - L8+ feet  Hard Drilling - Recovered Stiff Dark Gray Clay
on Bottom Auger ‘This Material has Color very
 Similar to Shale Recovered from MDU Boring B-1,
Station 434+90, Survey Centerllne. Water Level
in Borehole 12 0 feet - 3

MDU Borlng B- 5 Station th Survey Centerline g

o =17 feet Yellow Fine to Medium Sand :
17 - 17.5 feet Cobbles - Very Difficult to Penetrate - May be
. Embedded in Hard Loam Soil '
17.5 - feet Refusal

- MDU Boring B-6, Station 450, Survey Centerline

0 - L feet Yellow Fine Sand
L - 18 feet Yellow Fine Sand
18 -29 feet Yellow Sandy Loam
29 - 37 feet Yellow Fine Sand
37 -1 feet Firm Brown Pebbly Sandy Glay Loam
b1 - feet  Refusal - Cobbles and Hard Clay

MDU Boring B-7, Station L55, Survey Centerline

0 - Lk feet Yellow Very Fine Sand

L - 17 feet Yellow Fine Sand
17 -~ 23 feet Brown Fine Sand

23 - 32 feet Yellow Loamy Sand

32 - 33 feet Firm Brown Sand Clay Loam

33 - 35+ . feet Firm Gray Pebbly Sandy Clay Loam
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MDU Boring B-8, Station L58, Survey Centerline

0o - 6

6 - 7

7 - 16
16 -2l
2L, - 30
30 -

feet
feet
feet
feet
feet

feet

Soft Brown Sandy Clay

Saturated Gray Sand

Saturated Yellowish-Brown Pebbly Sand
Firm Gray Clay '

- Harder Drilling - Recovered Hard -Gray Loam

on Bottom Auger
Refusal - Water Level in Borehole 3.0 feet

MDU Boring B-9, Station 1,100 feet West of Station 158, Survey Centerline

0o - 6
6 - 36
36 - L0
o - 51

feet
feet

feet .

feet

51 - 53+ feet

Note

P\Om View: OJV\A Cross Sgcj\‘nows

Brown Loam and Clay Loam

Yellow Fine Sand

Yellow Pebbly Fine to Medium Sand

Yellow Gravelly Medium Sand .

Hard Drilling - PTobable Hard Gray Loam - No

Recovery

MOAV . tnC LA(} A

0 Fais Wepor -y



APPENDIX H

1-196 MDOT
ELEVATION SURVEY DATA



196 LEVELS FEB. 2003
Job# 73086C

Vertical Control was requested for 196, between Lake Michigan drive and Butterworth road, Grand Rapids, Kent
County, Michigan. The survey was requested by Thomas Hines, M & T division, M.D.O.T.

METHODOLOGY

Plan elevation was used from state project 41029E C to establish vertical control for this project.

Top of concrete elevation of 697.35 ft. at station 460+35 WB was utilized. This was the plan elevation at the
“bullnose” of the curb for ramp “B”, the WB entrance ramp for 196 from Lake Michigan drive.

All elevations were taken along the “north edge of metal” for WB 196.

All elevations were taken along the “south edge of metal” for EB 196.

BM 100 was set on the top step of the southeast bridge abutment wall for EB 196 bridge over Butterworth.

This bench is a chiseled “square”, BM 100 ELEVATION: 659.85 FT. (PLAN ELEV.)

Also, NAVD 88 Vertical datum was obtained from BM 121, BM 121 is a chiseled “square” set in the northeast
bridge abutment wall of “Lake Michigan drive” bridge over 196. ' '

A “floppy” disk of this report and the level data is included. A “CD” of the 41029E project is also included.

PLAN ELEVATIONS:

WESTBOUND 196 EASTBOUND 196
STA 438+00 660.35 ft. STA.437+00 661.73 ft.
STA 439+00 663.31 STA 438+00 663.92
STA 440+00 666.00 STA 439+00 666.25
STA 441+00 668.54 STA 440+00 668.67
STA 442+00 671.06 STA 441+00 671.18
STA 443+00 673.63 STA 442+00 673.65
STA 444+00 676.22 : STA 443-+00 676.01
STA 445+00 679.07 STA 444+00 678.15
STA 446+00 682.06 STA 445+00 680.20
STA 447+00 684.94 STA 446+00 682.49
STA 448+00 687.72 STA 447+00 684.94
STA 449+00 690.15 STA 448+00 687.33
STA 450+00 692.29 STA 449+00 689.52
STA 451+00 694.03 STA 450+00 691.59
STA 452+00 695.52 STA 451+00 693.51
STA 453-+00 696.78 STA 452+00 695.18
STA 454+00 697.73 STA 453+00 696.76
STA 455+00 698.45 STA 454+00 698.19
STA 456+00 698.82 STA 455+00 699.38
STA 457+00 698.93 STA 456+00 700.42
STA 458+00 698.74 STA 457+00 701.36

STA 459+00 698.27
STA 460+00 697.50
STA 460+35 697.35 (FIXED)
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196 LEVELS FEB. 2003
Job# 73086C

Vertical Control was requested for 196, between Lake Michigan drive and Butterworth road, Grand Rapids,
Kent County, Michigan. The survey was requested by Thomas Hines, M & T division, M.D.O.T.

METHODOLOGY

Plan elevation was used from state project 41029E C to establish vertical control for this project.

Top of concrete elevation of 697.35 ft. at station 460+35 WB was utilized. This was the plan elevation

at the “bullnose” of the curb for ramp “B”, the WB entrance ramp for 196 from Lake Michigan drive.

All elevations were taken along the “north edge of metal” for WB 196.

All elevations were taken along the “south edge of metal” for EB 196. '

BM 100 was set on the top step of the southeast bridge abutment wall for EB 196 bridge over Butterworth.
This bench is a chiseled “square”. BM 100 ELEVATION: 659.85 FT. (PLAN ELEV.)

Also, NAVD 88 Vertical datum was obtained from BM 121. BM 121 is a chiseled “square” set in the
northeast ‘

bridge abutment wall of ”Lake Michigan drive” bridge over 196 = 214.679 m  704.328 ft

A “floppy” disk of this report and the level data is included. A “CD” of the 41029E project is also included.

PLAN and NAVD88 ELEVATIONS:

WESTBOUND 196 EASTBOUND 196
Plan Ele. NAVDSS8 Ele. Plan Ele. NAVDgES Ele.

STA 438+00 660.35 ft.  659.48 STA.437+00 661.73 ft. 660.86
STA 439+00 663.31 662.44 STA 438+00 663.92 663.05
STA 440+00 666.00 665,12 STA 439+00 666.25 665.38
STA 441+00 668.54 667.67 STA 440+00 668.67 667.79
STA 442+00 671.06 670,18 STA 441+00 671.18 670.30
STA 443+00 673.63 672.75 STA 442+00 673.65 672.78
STA 444+00 676.22 675.34 STA 443+00 676.01 675.14
STA 445+00 679.07 678.20 STA 444+00 678.15 677.27
STA 446+00 682.06 681.18 STA 445+00 680.20 679.32
STA 447+00 684.94 684.06 STA 446+00 682.49 681.61
STA 448+00 687.72 686.84 STA 447+00 684.94 684.06
STA 4495+00 690.15 689.28 STA 448+00 687.33 686.46
STA 450+00 692.29 691.41 STA 449+00 689.52 688.604
STA 451+00 694.03 693.15 STA 450+00 691.59 690,71
STA 452+00 695.52 694.64 STA 451+00 693.51 692.63
STA 453+00 696.78 695.91 STA 452+00 695.18 692.63 694.31
STA 454+00 697.73 696.86 STA 453+00 696.76 695,88
STA 455+00 698.45 697.57 STA 454+00 698.19 697.31
STA 456+00 698.82 697.95 STA 455+00 699.38 698.51
STA 457+00 698.93 698.05 STA 456+00 700.42 699.55
STA 458+00 698.74 697.86 STA 457+00 701.36 700.48

STA 459+00 698.27 697.40
STA 460+00 697.50 696.62
STA 460+35 697.35 (FIXED) 696.47
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