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Mr. Gil Eakins

State of Alaskas GROUP INC.

Department of Natural Rerources

Division of Geological & Geophysical Surveys
794 University Way (Basement)

Fairbanks, Alaska 99701

Dear Gil:

With this letter plesse accept ten copies of the final report,
"Preliminary Feasibility Study of a Coal Mine at Chicago Creek." The
originals for both this report and the summary report are already in
your hands,

The results of our study are very encouraging., This is not to say
that we have proven Chicago Creek to be ecomomically viable, but we
are nuch closer to doing so, In addition, I believe we have defined
most of the critical elements and how they vary with energy needs.
With our 1985 drilling program we have shown that the Chicago Creek
deposit is large enough to fulfill the energy requirements of
Kotzebue, the Red Dog Mine, and other villages for at least several
decades. Perhaps more importantly, we have demonstrated a very low
stripping ratio (1.7:1) imitial pit at the southern end of the
deporit,

Our calculations which ineclude operational coats, capital costs of
equipment and construction, and financing of the mine, ports, and
generation facility at Kotzebue suggest that energy can be delivered
to the utility at a cost which is very close to that of the current
diesel plant (15 cents/kilowatt hour)., This assumes that we deliver
only electrical needs (not heat) and that we supply only the
electrical demand of RKotzebue. Under suvch conditione, the required
production rate from Chicago Creek is relatively low, and the unit
price of the coal is fairly high ($96/ton delivered to stockpile in
Kotzebue). Such costs do not justify conversion, particularly in the
face of declining petroleum prices. An important point is that for
this aecenario coals other thanm Chicago Creek coal might be obtainable
at & lower cost and thus a coal-fired facility might still be
competitive with a diesel-fired one. Ve aleo considered a case in
which the Red Dog Mine was tied to Kotzebue with a transmission line,
When this load was added, the sconomics changed substantiaslly. The
delivered cost of coal at the higher production rate decreased to
$42/ton, and the accompanying shift in the delivered cost of energy
wag cut in half. In this case, the delivered price of Chicago Creek
coal becomes very attractive, and the cost of energy would become low

enough to compete well even with a subatantial drop in oil price.
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Mr., Gil Eakins

State of Alaska
April 11, 1986

Page 2

Our study included consideration of the costs of conetruction of a
transmission line from Kotzebue to Red Dog. The costs of this line,
wvhen added to the price of producing energy in Kotzebue, could deliver
energy to Red Dog st & price of about 11 cents/kilowatt hour,
Conaidering the alternatives, we believe this price would be very
attractive to the operators of the Red Dog Mine.

Additional economics of mine operation are possible should, for
inetance, local placer mine operations be combined with Chicago Creek
80 that equipment and manpower sre more fully utilized. Another
poesibility is for the mine owner to purchaee and operate ita own
barge trameportation system.

We conclude that we have identified a potentially viable method of
developing the Chicago Creek coals while bringing some real bemefit to
the Kotzebue and the Northwest region, We have enjoyed working with
you and the DGGS persomnel. Best of luck in the future.

Sincerely,

Robert M. Retherford

RMR/skg

Enclosures
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Most Important Findings

Based on 1985 and previous drilling programs, the potentially mineable
identified coal resource at Chicago Creek is estimated to be about
4.7 million short toms, of which 1.5 milliorn may be mined at a
stripping ratio of 1.7:1. The remaining 3.2 millior short toms of
coal would have a stripping ratio in the range of 4:1 to 5:1. ‘The
heating value of Chicago Creek coal averaged 6,800 Btu/lb. on an
as—received basis, but the samples contained excess surface moisture
and the actual heat content of the mined coal would probably be closer
to 7,500 Btu/1b. Other parameters of the coal are compatible with
propoeed thermal use: Ash averages about 82, sulfur about 0.87, and

fugibility temperatures all in excess of 2200°F,

A review of current and future grovth trends and energy requirements
for the city of Rotzebue suggests moderate continued growth, By 1990,
vhen the 30-year period assumed for this report begins, the electrical
needs of Kotzebue (mot imcluding heating) could be satisfied by 23,000
tons of Chicago Creek coal (assuming 6500 Btu/lb, and 25% plant
efficiency) Thirty years later (2020), the energy needs may exceed
150,000 tons per year. To simplify mining, tramsportation and
genaeration feasibility studies, this report asgsumes a fixed rather
than an accelerating rate of production which is an average of the
total forecast requirement over 30 years, We have assumed two primary
cases: one based on the requirements of Kotzebue alone (50,000

tons/year average), and the other based on supplying the



electrical-energy requirements of both Rotzebue znd the proposed Red
Dog Mine using an average of 150,000 tons of coal per year. A
simplified financial anaslysis was made of the coal-mining,
coal-burning, and electrical-generation systems at the two production
rates. The analysis assumed 10.5% intereul:, full capitalization
vithin tvo years, amortization over 30 yesrs, 15X return on

investment, and no inflationm or royalties,

Mining cost estimates assumed modern open-pit mining methods, purchase
of nevw equipment, and maximum utilization of local labor. Estimated
mining costs, including delivery of the corl to & stockpile 10 miles
north on tidewater at Willow Bay, would range from $28/tomn at the
higher production rate to $74/ton at the lower production rate. The
estimated cost of tramsporting the coal by barge from Willow Bay to
Kotzebue and delivering it to a covered stockpile varies from $14 to

$22/ton at the higher and lower production rates, respectively.

Comparison of costs between (1) power generation at mine-mouth and
transmitting power by wire to Kotzebue, and (2) power gemeration at
Rotzebue showed that electrical transmission was mot an economically
desireable alternative., The cost of transmitting power to the Red Dog
Mine from a Kotzebue-based plant, however, appears to be very
competitive with an owner-opersted facility at Red Dog., The study
aleo indicated that the tranamission of power to other northwest
Alaskan villages near Kotzebue was costly, but so is the alternative

of equalized (subsidized) village power,

i1



A powver plant location near Kotzebue was based on the following
arguments: (1) barging the coal wae found to be cheaper than
transmitting the energy, (2) comstruction and operational coste for a
plant at Chicago Creek would be higher than at Kotzebue, and
(3) integration with the existing power system would be simpler.,
Appraisal of alternative plant configurations suggests that currently
available rebuilt generating facilities could be installed much less
expensively than could new equipmeot., In addition, esince older,
rebuilt systems tend to be smaller, multi-boiler units, they would be
more adaptable to the needs of an expanding Kotzebue, We therefore
examined two alternative generation systems for each of our basic
demand scepnarios. One alternative assumes the power is generated by
newly manufactured boilers of 10OMW capacity; the other alternative

assumes smaller (rebuilt) 7.S5KW boilers,

FPinally, the cost per kilowatt hour for enmergy at the bus—-bar was
calculated for the various cases. Costs ranged from $0,.18 to $0.07
per Kwh, decreasing substantially for the higher demand case. In
comparison with the actusl cost of diesel powered generation in 1984
of $0.155, the coal-fired facility would only be marginally
competitive with diesel at the 50,000 ton/year production rate.
However, providing power to Red Dog and using a rebuilt plant facility
could cut current rates in half and would remain very competitive

despite declining oil prices. The power could be transmitted to the

114
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Red Dog Mine for a cost of about $0.03, resulting in a total delivered

cost of around $0,.11 per kilowatt hour.

As a preliminary feasibility study, this report comcludes that
.coal-fired generation is an attractive alternative for KRotzebue and
that a mine at Chicago Creek could provide the cosl, Coal could .aleo
be supplied from more distant sources; at energy requirements of
50,000 tons or less the delivered cost per ton of other coal would
most probably be chesper. In fact, it is almost certain that small
amounts of less expensive coal from more distant sources could make
coal-fired generation attractive for Kotzebue without the added load
of Red Dog. At a higher vrate of production however, as rtequired by
the combined energy requirements of both Kotzebue and Red Dog, the
Chicago Creek coals would become very competitive at an estimated

$42/ton delivered or an equivalent $3.20/million Btu“s,

This etudy ie a preliminary one, and changes in the assumptions would
affect the results. Some of the factors that could increase the cost
include: (1) the increaging cost of meeting environmental
regulations-~e.g., Surface Mining Act and EPA Air Quality Regulations;
(2) lower future energy requirements of Kotzebue, and (3) lower than
predicted as mined coal quality. On the other hand, other potential
differences or alternatives could enhance the economics of the Chicapgo
Creek coal. These include: (1) a possible higher average heat
content of the coal suggested by differences between as-received and

equilibrium bed moisture, (2) the effect of barge ownership by the

iv
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mining company or utility as opposed to the contractural arrangement
considered here, (3) additional demand for coal for direct heating,
and (4) the feasibility of increasing mine production slowly,
beginning with a emaller operation with accompanying smaller capital
outlay, If indeed this case is more realistic and energy requirements

continued to grow as predicted, the costs of financing would decrease,

Overall, the estimates contained herein asre considered to be withim 15
or 20 percent. If we comgider the end cost of delivered energy as
calculated and apply a 202 factor for error, the long-range energy
option of coal-fired generation for Kotzebue still remeins worthy of

consideration.



Acknowvledgements

The satudy group would like to acknowledge the help and
cooperation of the people of Deering, especially the Rarmun and
Moto families, and those in iotzebue. particularly John
Schaeffer and the group of people at NANA Regional Corporation,
Without them the field portion of this project could not have
beern done, We also owe particular thanks to Virgil and Mike
Vial, Ken Upchurch, and Rhinehart Berg who helped a great deal
with our logistica and support. Gil Eakins and his staff at the
State Division of Geological & Geophysical Surveys have been
very eupportive of our efforts, and ve owe them a special thanks

for their trust and patience.

We must also acknowledge a special debt to a member of our study
team, Ralph Stefano., This study incorporates some of Ralph’s
last professional efforts as he passed away in August of 1985,
Although he knew his time was short, he was extremely generous
in aﬁaring hie wealth of experience and knowledge, and this
despite the daily discomfort he faced in his illness. Ralph”s
courage and indomitable spirit stand ms an inapiration to us

all.



INTRODUCTION

This report analyzes the feasibility of providing electrical power for
Kotzebue snd nearby villages using coal mined at Chicago Creek, south
of Kotzebue Sound. The study was coordinated by Hawley Resource group
Inc. and performed by their personnel and a group of engineering
consultants with Alaska experience in geotechrmical evaluation, coal
mining, and electrical power generation and transmission. The study
draws on the results of two seasons of field work by Hawley Resource
Group, ipncluding drilling, geologic mapping, down-hole and surface
geophynical surveys, and from previous studies of the coal resource
and electric power alternatives, The project was performed under the
provisions of Contract No., CCl8-0071, administered by the Division of
Geological and Geophysical Surveys of the Alaska Department of Naturzal

Resourced.

Location

The Chicago Creek coal deposit is on the northeastern part of Alaska’s
Seward Peningsula, about 70 miles south of Kotzebue (Figure 1). The
proposed mine site is om Chicago Creek, about 1.25 miles east of its
confluence with the Rugruk River, and about eight miles south of

Willow Bay on Kotzebue Sound.
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Access

At present the most common gccess to the Chicago Creek area is by air,
Light airecraft can land at a 1,200-foot gravel airstrip at a gold
plecer mine on the Kugruk River. This strip i; private and permisgion
is required for its use. The mine and airstrip are about 1.5 miles
from the project site, Vehicles and other heavy cargo must be flown
to 8 5,000-foot airstrip (also private) at Candle, about 15 miles to
the east, and trangported to the Chicago Creek area over an existing

tractor-trail system.

Land Stetus

The lande of the Chicago Creek Coal Field (Figure 2) were selected by
NANA Regional Native Corporation and the village corporation of
Deering under the terms of the Alsskan Native Claims Settlement Act
(ANCSA). The lands have been conveyed om an interim basis to the
corporations by the U.,S., Bureau of Land Management. Although
technically the subsurface resources belong to NANA and the surface to
the village, NANA and its villages have a cooperative agreement
regarding auvthorization of uses of the surface and subsurface of
native conveyed land. NANA, Kotzebue, and other nearby villages have
2 strong interest in development of local coal resocurces and have
designated en access route through their property from Chicago Creek

to the coast in anticipationm of future coal development.
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Active federsl mining claims (placer gold) pending patent and native
Bllotment applications exist near the coal field., Both claims end
allotments may become fee simple land; these transfers would have no
bearing on the Chicago Creek Coal Mine site proper but could influence

the location of comstruction material sites or tramsportationm routes.

Hietory of the Chicago Creek Coal Mimneg

Coal was first discovered on Chicago Creek by gold prospectors in 1902
(Moffitt, 1906), Some development work was done that year, but there
was little demand for the coal until the winter of 1904-~1905 when gold
was discovered on the terraces above Candle Creek and the need arcse
for a source of fuel for steam-thawing of placer ground. The coal

deposit was staked in 1905 and the mine began production im 1908.

The mine operated during the winter months only and was sealed in the
summer, probably to prevent thawing and subsequent instability of the
workings. In 1908 the coal was being mined through a 330-foot shaft
which was inclined at an angle of 18 to 36 degrees to a depth of about
200 feet (Henshaw, 1909). Coal was being mined at four levels at
depths of 33, 80, 100, and 144 feet. The mine had an estimated total
production of about 100,000 tona to 1911 whem it was abandoned

(Toenges and Jolley, 1947).



Other coal minea which operated in the Chicago Creek area include the

Wallin (or Rugruk) Mine and the Superior Mine about 4 and 5 miles
further upatresm from the Chicago Creek Mine respectively. There is
some disagreement in the literature about the size of the main coal
geams at these mines, and their overall proeduction is questionable
(Dames & Moore, 1980). However, it seems clear that the sesm at
Chicago Creek was much larger and that its production was at least an
order of magnitude larger than the other mines combined., For this
reagson, initial exploration efforts have focused on the Chicago Creek

Mine,

Previous Investigations

The U.S, Geological Survey published several reports that dealt with
the Seward Peninaula and its gold fields in the 1900°s; some of these,
in particular those by Moffit (1906), Henshaw (1909), and Smith and
Eakin, (1911), reported on the progress of coal mining in the Chicago

Creek area.

Interest in the deposit paled after 1911, but a later report by the
U.S8. Bureau of Mines (Toenges and Jolley, 1947) proposed a detailed
plan for additional development of the deposit to provide coal for

home heating for nearby villages.
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During the late 1970”s 2nd esrly 1980°s, the State of Alaska funded
eeverasl programs to investigaste new sources of energy aund innovative
wvaye of using traditional fuels in remote regions, One of these
studies (R, W, Retherford and Associaten, 1980) suggested that coal

could be a cost-effective energy alternative for the Kotzebue Soumd

areae.

The Retherford study sparked interest in the coal reserves of the
Kotzebue area., In 1982, a state-funded exploration program, including
1,637 feet of drilling, was dome at Chicago Creek by Denali Drillimg,
Inc, and Stevens Exploration. Management Corporation (Manning and
Stevens, 1982)., In 1983, a continuwation of the program by C. C.
Hawley and Associates, Inc. included 2,800 feet of drilling (Ramsey

and others, 1983),

The Present Study

The study described in this report began in December, 1984, Personnel
involved were C. C, Hawley, R. M. Retherford, T. XK. Binderman, and
J. P. Hawley, and W, E. Shoemaker of Bawley Resource Group, Inc., and
the following engineering comsultants: Ralph R, Stefano, R. W.
Retherford, R. W, Chrigstensen, John Wood, Henry Springer, and
Thomas D. Humphrey, all Professional Engineere. John Rense and Burton

Greist of NANA Regional Corporation provided information om Kotzebue



and the NANA Region, and Nancy Hanneman of Feirbanks operated the

down-hole geophysical equipment,

The late Ralph Stefano, of Stefano and Associestes, Inc., was an
"experienced mechanical epgineer who had worked in Alaska since the
early 1950”“s and was responeible for or involved in the design of
nearly every cozl-fired power plant built in Alaska since that time.
R. W. Retherford, an electrical engineer, has consulted in the state
sinece 1950 in the design of transmission lines and power plants
throughout Alaska, R, W. Christemsen, consulting engineer, has over
twenty years of experience in geotechnical enginmeering, including
construction projects all over Alagka. John Wood is a mining
engineering graduate of the University of Alaska with 15 yeaxrs of
experience in mining and congtruetion in Alaska including several
years as the chief mining engineer at the Usibelli coal mine near
Healy. Henry Springer of the Alaske Department of Transportation has
been head of the Department of Trangportation”s Nome office for a
pumber of years and has a great deal of experience in the design and
congtruction of northern transportationm systems, Thomas D. Humphrey
is an electrical engineer with experience in the construction of
innovative electrical transmission systems in remote parts of Alaska.
Because of the contract deadline, it was necessary to obtain most of

the consultants” input before the field phase of the 1985 program.

John Wood wrote the original draft of the open pit mine section of the

report, and RBR. W, Christensen drafted the section on geotechnical



considerations. R, W. Retherford and Thomae D. Humphrey had most of
the input into the electrical transmission section, Ralph Stefano and
BR. W. Retherford wrote most of section on the power plant, and Nancy
Hanneman wrote the original sectionr om down-hole geophysics. The rest
of the report was written by personnel of Hawley Resource Group, Inc.,
who also edited the consultants sections for inclusion in the flow of
the report, and who must bear final responsibility for errors or

omissions,

Field studies were done in June and July of 1985 to refine the
information on reserves and the geology of the coal deposit, A
track-mounted air-rotary drill, comntracted from Thrasher and
Associates of Nome, was mobilized to Candle in a Hercules aircraft and
wadlked overland to Chicago Creek, In all, 50 rotary holes were
drilled for a total of 7,709 feet, and the cuttings were logged as the
holes were drilled. A total of 224 feet in 9 holes was cored, and
151.8 feet were recovered, Some of the holes 8sloughed or froze
shortly after drilling, the rest, a total of 5,353 feet, were
geophyesically logged using a down-hole probe which recorded natural

gamma radiation and gamma=-gawma formetion denmsity.

Baspic Assumptions of Study

Bagic assumptions, common to all facete of the investigation, are:



1) The mine and power plant sre each assumed to have &
30-year life span,

2) Bquipment costs are based on current prices, and all
costs are for nev rather than used equipment.

3) Existing and commonly used technology are chosen over

nore innovative methods which have not beemn proven in
northern Alaska,

Fluid bed combustion reactors were not evaluated because of criteria
number (3), although their potential for lower discharges of sulfur
and nitrogen oxides and rapidly developing commerciel applications
suggest that they should be evaluated in the future. Comments in the
report call attention to altermative technology or to areas where
possible eavings could be made. Some simplifying assumptions, such as
the constant annual production rate, have been made to avoiad
complicated ecenarios based on future trends which are difficult to
forecast. These aimplifying assumptions were also chosen to yield a

conservative result,
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MARKET DEMAND

Recent reports by Dames and Moore (1981, 1983), Arctic Slope Technical
Services (1982), Arctic Slope Consulting Engineers (1984), and
International Engineers, Inc, (1985) contain estimates of electrical
load growth for Kotzebue. Some of the studies aleso cover direct-heat
energy demands for Kotzebue and both electrical and heating demands

for nearby villages.

The idea of pro;iding power from a central source to the villages of
the region is an appealing one, but the economics of a transmiseion
net are difficult because of the relatively long distancee between
villages, The tranemission met, however, might provide a savings over
the state’s current power-equalization subsidy if the Chicago
Creek-Rotzebue interconnection were available. The possibility of an
additional power demand at the Red Dog Mine project and ite effect on
the Chicago Creek-Kotzebue interconnection is also evaluated im the
Electrical Transmission section. Red Dog currently plams to generate
its own power, but the mine would comsider buying power from a
reliable commercial source if it came on-line in time at a competitive

price,

In gddition to use in electrical power generatiom, coal cam be burmed
for direct heat. Chicago Creek coal could be delivered in bulk to

major users in the Kotzebue area and distributed in sacks to smaller

11
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or more remote congsumerd, The degree to which it would be used {3
difficult to forecast. If the price were low enough it could be an
attractive alternative to oil, but the use of coal would entail the
additional labor of clinker dispossl. It could be burnmed directly in
existing wood stoves, but oil-burning onits would have to be converted

or replaced,

FPor the purposes of this study we have chosen to base the demand
forecasts on the most comservative case, that of supplying electrical
power for the immediate Rotzebue area, The most recent and
authoritative study on the electrical demand for Kotzebue is the
International Engineering Co., Inc, (1985) study. Forecasts based on
that study are discussed below; Tablea 21 in the section omn Electrical
Trangmission lists the best estimates of power needs of gll the
villages considered in the study. Electrical and space heating demand
forecasts for Kotzebue and the surrounding villages from the other

gtudies are given in Appendix A.

Figure 3 summarizes Kotzebue”s historical electric power needs from
1967 through 1983 and shows projected demands from other studies. It
also shows three long-term demand projections based respectively on
maximum historical growth, average historical growth, and the most

conservative forecast.

12
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The base case for this study assumes an annual cosl production of
50,000 tone. A comstant average rate greatly simplified the planning
and costing of the mining operation, and the use of a fixed, round
number facilitated other costing, According to powver demand
projections shown on Figure 3, 50,000 tons of coal equivzlent at 6,500
Btu/1b. would be needed for power generation in about 1992 based on
the maximum historic growth rate (1973-1977); by 1996 at the average
historic genmerationm rate (1967-1984), or about 2002 on the
International Engineering Co., Inc.”s (1985) projected growth line,
Aasuming cogen;rntion needs (Arctic Slope Technical Services and
others, 1982), the equivalent of 50,000 tons of coal would be needed
by about 1995, To assess the sensitivity of the project to
variations in production rates, cost projections were also made for

increased production rates and varying enmergy needs.
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GEOLOGY

Regionel Settipg

Much of the northeastern Seward Peninsula is underlain by a low-grade
metamorphie complex of probsble Paleozoic age. The stratigraphically
lowver parts of the unit consist of chlorite-vrich metspelite which
grades upward into interlayered graphitic metaqusartzite, micaceous
marble and minor metapelite, These rocks are in turn overlain by
chlorite and albite schiots with lenses of metabasite (Till, 1983).
Most of the sequence was formerly thought to bhe Precambrian in age,
vhile some of the carbonate units were correlated with Cretaceous
rocks (Sainsbury, 1974). More receunt work by Till suggests that wmost
or all of the basement rocks are probably closer to mid-Paleozoic and
may be early Daevonian, but for the presant their ages musgst be

congidered as questionable.

In the Chicago Creek area (Figure 4), a green metapelite unit (Pzg)
subcrops east of the coal deposit and grades up into a mixed unit
(Pze, Pzcs, and Pzc) which mainly cccurs to the west. The coal
deposit occurs at the transition between rock types with greemschist

to the west and a gray, locally calcareous unit to the east (Plate 2).

To the east of the Chicago creek area, the crystslline metamorphic
rock unite are juxtaposed against, and locally overlain by, Cretaceous

sediments of the Yukon-Koyukuk provinmce, According to Pattom, (1973)

15
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these sediments are locally cosl-bearing, and in the past, the Chicago
Creek coals have been correlated with them, Based on palynology
(Haga, 19B4) and geologic similarity to other coal deposits of known
age, hov;ver, it seems more likely that the coal bearing sediments of

the Chicage Creek area are Tertiary (Rameey and others, 1983) in age,

Chicago Creek Area Geology

Bedrock in the Chicago Creek area is mantled by loess, colluvium, and
tundra. The geology and reserve estimates discussed in this section
are therefore mainly based on information from the drilling programs.
Plate 1 locates drill holes and summarizes the data available from
each hole. Plate 2 is an interpretive geologic map of the bedrock
units as they occur bemeath the overburden and also shows
representative cross-sections. Graphic drill log diagrams are

included on sections on Plate ! and in Appendix B,

Lithologie Units

Pive bedrock upits are distinguished in the Chicago Creek area., Some
of the coel beds and clay partings were seem im drill core,
descriptions of the rest of the units are based on examination of

rotary cuttings.
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Gravel, Sandstone and Siltstone

The stratigraphically youngest unit in the Chicago Creek area consists
primarily of interbedded, poorly consolidated gravel, sandstone, and
siltstone. The sequence ias distinctly more coarse-grained thsn the
principal comsl-bearing unit, TIts gravels are polymictie, with
well-rounded pebbles of quertz and other resistant rocks. The unit
truncates the largest coal bed in some aress, and most of the drill
holesa in it encountered metamorphic basement rocks at a shallower
depth than was common for the basement rockse of the main coal-bearing
unit., It is therefore inferred to be in fault contact with the
coal-bearing aequence.‘ It is, however, possible that it is an

2lluvial deposit which was deposited in crosscutting channels.

In the southern part of the map ares, the unit contains relatively
unaltered wvood fragments and therefore appears to be significantly
younger than the coal sequence, Samples of the wood from one of the
southern drill holes have been submitted to the U, S, Forest Service
Forest Products Laboratory of Madison Wisconsin and have been
identified as willow (Salix). Dave Hopkins of the University of
Alaska, who has had comsiderable experience with surficial geoclogy on
the Seward Peninsula, feels that the unit is most likely of

Pleistocene age (personal communication, 1985).

18



Gray and Brown Siltstone, Mudetone and Sandstone

The coal beds of the Chicago Creek are contained ip a sequence of
poorly consolidated gray and brown siltstone and mudstone with local
sandy beds and rare layers of rounded, polymictiec gravel, The unit is
notably micaceous, especially towards the bottom of the sequence, It
contains medium—to-dark-brown carbonaceous layers, many of which grade
into coal beds. Towards the bottom, the unit appears to grade iunto

veathered schist and then into fregh schist.

Lipnitiec Coal

The coal beds of the Chicago Creek area range in thickness from 2 few
inches to about 100 feet. Most of the mineable reserves are contained
in a single large bed which is as much as 100 feet in apparent true
thicknens, though some of this thickness may be due to structural
repetition. Based on thermal value (Btu) and carbon content, the coal
is lignite., It is dark brown to black inm color; some of it is
vitreous when fresh, although most has a dull luster when it dries
out. Some of the coal has = fragmental texture, as if it has been

brecciated and healed. Rare concretions of pyrite were seen locally,

As observed in core, the cosl is commonly highly fractured, with

pieces ranging from less than an inch to several inches in diameter.

19
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The coal beds have scattered partings of soft, gray clay and reare thin
stringers and blebs of hard, reddish-tan materiasl with a bony
conaisten?y which was referred to as bone in the loge. The largest
coal bed has a distinctive parting near its top which averages about -
three feet in thickness, and emall partings were common in the lower

parts of the various beds.

Six samples of Chicago Creek caal from the Denmali Drilling program
vere submitted for palynmological examinationm (Baga, 1984). The
results were only marginally satisfactory due to the lack of a
reference section for the Tertiary of northwestern Alaska, zand to the
lack of diagnostic forms in the samples. It was determined, howvever,
that the samples have a relatively cocol, temperate pollen assemblage.
Four could only be dated as Tertiary to Quaternary, but the £ifth is
of probable Tertiary age, A Tertiary age seems to be reasonable based
on the geologic similarity to other dated coal deposits elsewhere in

Alaska.

Green and Gray Schigg

The coal-bearing section is bouunded on the west by & heterogeneous
quartz-mica schist unit, The schist is predominately green in color
but much of it has up to 1% disseminated sBulfide minerals and is
weathered to & reddish~yellow color. It alsoc locally contains gray

and black interbeds, Parts of the unit are quartzose and hard to

20



drill, Other sections, including some only a few feet away from the

quartz-rich portions, are considerably softer and drill quite easily.

Gray to Black Schisg

A relatively homageneous, gray-to-black, quartz-mica schist umit which
has locel calcareous phases underlies the gravel unit east of the main
coal-bearing section., The same unit appears to form the basement for
the main coal-bearing section., The green and gray schist unit and the
gray to black unit alternate elsewvhere in this part of the Seward
Peninsula where seen in exposures along the streams., It is likely

that they are of similar age, probably early to middle Paleozoic,

Structure

The coal-bearing sediments occur in a narrow, north-trending,
structural basin with little topographic expression. As shown on
tross—section E~E“ and the geologic map (Plate 2), the basin is less
than 100 feet wide on the surface at the southern end, It has been
traced along strike for about 8,000 feet, The basin continues an
unknown distance to the north, and although it appears to be pinching
out to the south, Coal occurs at the Wallin Mine, about om strike

four miles to the south of the lasmt known occurrence at Chicago Creek

(Figure 4).
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The 1985 drilling was concentrated in the southern end of the known
trend, 2long approximately 3,600 feet of strike length shown on
Plate 2, This part of the bssin is bounded on the west side by a
fault which juxtaposes the Tertiary sediments with the green and gray
schist unit, The fault dips to the west at angles ranging from 85 to
as little as 15 degrees, thus part of the coal deposit has a capping

of crystalline basement rocks (Section D-D’).

Holes drilled on the east side of the basin on projections of some of
the coal beds emcountered the coarse-grained gravel and sand unit,
which therefore appears to cut some of the Tertiary formatione. Based
on the shallow depth of the bedrock basement under the gravel uait and
the linear nature of the conmtact, it is assumed that the eastern side
of the basin is bounded by & normal fault, with the east side moved up
relative to the basin. It is also possible that the gravel unit is a
post-cosl fluvial channel which has eroded the coal bed, and that the
Bhallov basement is due to a combipation of original topographice
relief and a steep dip. HMost of the evidence appears to favor the
faglt hypothesis, as shown on the geologic map and sections C-C”, D-D"
and E-E‘ (Plate 2)., 1If prement, the fault probably continues to the
north of the dashed portion shown on the plate, but there are vo drill

data to show ite location.

The east-west striking transverse faults shown on Plate 2 are inferred

from abrupt changes in the thickness and poaitions of the coal beds.

22
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The most dramatic of these changes oceurs about 300 feet to the north
of Chicago Creek, wvhere holes drilled on a projection of a very thick
portion of the main coal bed encountered onmly significantly thinner
coal beds (Sections B-B” and C-C”), Lignite beds typically are very
irregular in thickness along strike, but the change in this case

oecurg in less than 100 feet,

The partings within the beds and the stratigraphic sequemnce in the
coal-bearing sections are similar on both eides of the inferred
trangverge fault so the gequences appear to be the same. The thinning
is probably due to different erosional levels on a bed which thins and
thickens up and down dip. The movement of the fault cannot be
resolved with the present information; the thieck portion of the main
bed may either be down dip of the smaller shallow bed to the north of
the fault, or it may have been up dip and been ercded away, The other
tranaverse faults to the north reault in spparent east and west
movements of the stratigraphic section of the basip but it is not
known whether these offsets result from actual strike-~slip motion or
from the effect of different erosional levela onrn a dipping sequence

vhich has had differential dip-slip movement.
The coal-bearing sediments of the Chicago Creek ares were probably

deposited in & topographic basin formed by earlier tectonism along the

same structure that csused their subsequent intense deformation.
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Coal Quality

Thirty-six samples of dril) core and three samples of the rotary hole
cottings from the 1985 program wvere submitted for proximate analysis
to the Mineral Industry Research Laborntory of the University of
Alaska in Fairbanks. The samples were tested for heating value
(Btu/1b.,), moisture, volatile matter, fixed carbon, ash, and sulfur,
As the samples contained a significant amount of surface water,
equilibrium moistures were done on five samples to give a better
approximation of expected true bed moisture. The averages of the
results of the tests are shown in Table 1, and the complete results

are given in Appendix C.

TABLE 1

Averasges of Proximate Analyses of Chicago Creek Coal

Beating
Moisture Volatile Fixed Value Total
Basis * (2) Matter (Z) Carbon () Ash (I) (BTU/Lb.) Sulfur (2)
Core Samplesg **
1 38.64 29 .27 27 .54 8.55 6,400 0.82
2 43 .38 45,28 13,36 10,505 1.34
3 48 ,07 51.93 12,105 1.64
4 28 .83 30.95 32.43 7.78 7,708 0.83
Cuttings Samples ++
1 41 .49 24 .30 27 .95 6.26 6,323 0.56
2 41 .52 47 .66 10,82 10,788 0.95
3 46 ,59 53.41 12,092 1.07
* -= ag received

-— moisture free
moisture and asb free
~= equilibrium bed moisture
*k average of 36 samples except 4, which is average of 5 samples
++ average of 3 gsemples

S WN -
|
)
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TABLE 2

Ash Fusibility
(degrees F)

Oxidizing Atmosphere Reducing Atmosphere
(" Initial | i Initinl | [
Semple No. |Deformation |Softening} Fluid |DeformationiSoftening} Fluid

f

]
]
I [ | |
] | | | I
DH- 1-82-150"-160"] 2360 | 2460 | 2465 | 2290 | 2385 } 2400
| | | ! |
DE-11-82-118“-130"1 2395 I 2410 | 2460 | 2310 { 2330 | 2345
| I | | | |
DB~ 4-82- 737~ 787 2329 | 2353 | 2360 | 2225 | 2285 | 2300
| | | | | |
I ! I ! I |
TABLE 3

Washgbility Analysis of Sample DH-4-82/73.5°-80,0” Chicago Creek
(all results on a moisture~free basis)

CUMULATIVE
ACTUAL PRODUCTS CUMULATIVE FLOAT SINX
Produect |Wt ZlAeh Z|Rtu/1bi{Total {| W& Z(Ash Z|Btu/1b|Total || Wt X fAsh I
| | | [Sulfur | | ! {Sulfurl| |
| I I | I | { I H 1
Float-1.30(96.01} 4.02111,234] .97 |] 96.011 4.02]11,234] .97 |1100,00!) 4.10
| f | R i | ] H !
1,30-1.401 2.83| 5.14)11,2331 .95 Il 98.841 4,05/11,234( .97 Il 3.99! 5.90
) | | | 11 | | l | |
1.40=1,60] 0.69! 6.24]11,1141 .94 I 99.52: 4.07}11,233| .97 |1 1.15: 7.76
| | I I | 1
Sink-1.60( 0.48! 9.94110,491] .94 1{]100.00! 4.10%11,230I 97 Il 0,481 9.94
Fl | I

I I I | I !
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The ash fusibility tests indicate that the cosl could be used without
significant problems in any type of firing syetem., The higher density
fractions from the vashability tests were identified as fusinitey

vashing wvould not significantly reduce the ash content of the sample

tastad,

Regsource Estimation

According to currently used definitioms (Wood, 1981) the term resource
will be uged in thia discussion rather than reserve since the term
reserve is restricted to deposits which have been proven capable of
being mined economically, Thf coal at Chicago Creek at present is
properly clasesed as 2 demonstrated resource the definition of which
implies a regsonable level of geologic confidence in the quantity
present. Demonstrated resources are further divided into measured
(high level of assursnce) and indicated (moderate level of assurance)
classes, The relative density of drill holes and sample analyses from
the southern part of the Chicago Creek deposit justifies the
classification of the coal in segmentes I, II, and XIITI (Plate 2) as
messured demonstrated resources whereas the coal to the north
(segments IV, VA, and VB, of Ramsey and others, 1983) ghould only be

considered as indicated.
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Volumes for the resource figures shown in Table 4 were calculated in &
similar manner to the volume calculations for the open pit mine plan
(Appendix D). The toﬁnage figures assume a density factor for the
coal of 80 Lbs/Cu, Ft. Using this approach, and based on the dats
amassed through the 1985 field season, the Chicago Creek sres contains
8 demonetrated resource of at least 4.7 million ehort tons of coal
within 300 feet of the surface (Table 4). The measured demomstrated
coal resource in segments I, II, and III includes about 2,5 milliom

short tomns,

The 4.7 million ton figure is about 1 million tons larger than the
previous eetimate of Chicago Creek cogl resources (Ramsey and others,
1983), a reflection of the discovery of increased strike lengtha of
thicker and more continuous coal beds in Segments I and II (Plate 2).
Magnetometer surveys conducted in the fall of 1984 (Appendix G)
suggest that the Tertiary section continues to the north for at least
an additional mile., Assuming an average bed thickness of 20 feet the

additional mile of strike could contain an additional 1,690,000 tona

of coal. The district probably contains still more coal in extensions.

of the Chicago Creek basin to the morth and south, and additional

undisecovered parallel coal basing may also exist.
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TARLE 4

Coal Rasource Lestismacion
(5se Tigure 3 fov locatien of segmenta)

{ {MINEABLE | I | 1 | [
ICROSS-SECTION| 5TRIXE [AVE, RED | IPREVIOUSLY | MININC | DIP | DEMONSTRATED
ISTATION ¢ 02 | LENGTH [THICKMESS| DENSITY | HMINED | DEPTH |DEPTE | COAL RESOURCE
SECMENT | HOLE ¢ USED ’ (rr) | (F1) r FACTOR { (TONS) f (¥1) ’ (r1) f (SEORT TOMS)
IA | 15008 ¢ 800 | 37,5 | 8D 1b/fed | NoNE I 100 | 65 | 78,000
| 13008 | | 12,000 1d/tonl | 200 |t 196 | 238,000
| 11008 | | | | I 300 | 360 1 459,000
| 8eo0s | | ( ! ! | |
| | | | | | | |
13 | 7008 ( 700 | 85.0 | “ ] 100,000 | 100 | 92 | 218,960
| 5008 ( | | | | 200 | 229 | 545,020
| 2508 | | | | t 300 | 360 | 910,000
I 130% | ( ! | I ! |
I | | | | | | |
SUBTOTAL OF 1A AND IB | 100 | 196,960
(Less 100,000 tons ] 200 | 680,220
previoualy mined) I 300 | 1,369,000
|
A | 1J0N 1 650 | 83.0 | " |  RONE | 100 | 103 t 222,274
( 420N j ( | | | 200 | 240 1 517,920
F 510N : I I ’ 1| o0 { 392 ’ 845,936
1t | 620N [ 130 | 34,0 | " | NONE | 100 | B3 | 82,400
[ ayon | | | | | 200 | 195 | 193,600
; tiooM T ; | } f 300 I 310 f 107,770
|
SUBTOTAL OF ITA AND IIR { 100 | 304,678
| 200 | 711,520
f 300 I 1,153,100
1SS 1240N | 840 { 18.0 | " | NONE | to0 | 83 ¢ 50,200
| 13S0X | | ! | | 200 | 195 | 117,900
{ 15708 | ! | | | 2300 | 258 ) 180,230
} 18200 ! | ! ) | t |
{ | 1 | | | | |
1V | 7-82 | 1,200 | 28,0 | * | NONE | 100 | 141 | 189,500
) 8-82 | | | | l 200 | 283 | 380,3%
} 1 ‘ } 1 r 300 I 424 1 569,850
VA | 7-83 | 1,000 | 139.0 | " | NONE | 100 | 4l | 219,960
| 8-83 t | | | [ 200 | 283 1 441,480
1 { | 5 T I 00 | 424 f 661,440
| | |
7] | 9-83 t 2,300 | 20.0 | " | NOKE | 100 | 141 ! 259,440
! thru { | | | ! 200 | 283 1 520,720
1 14-83 | 1 1 { { 300 1 424 | 280,160
| |
| | 1 | ) 100 | 141 | 1,220,735
TOTAL | | { I b 200 | 283 | 3,045,790
ALL SECKENTS T 6,300 { N/A : { N/A { 300 = 4264 | 4,714,380
| |

®* D,8.6,5. Definition, 1980; lucludes both Measured and Indicared Resources
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Down~Hole Geophysice

During the 1985 field program, 5,353 feet of rotary drill holes were
geophysically logged using the natural-gamma and
gamma-gamma-formation- density techniques., The natural-gamma
instrument measures gamma radiation, which tends to be concentrated in
clays and shales but is nearly absent from coal layers, resulting in
fairly clear-cut contrasting geophysical signatures of the units of
primary interest. The gamma-gamma log measures the interaction of
source-supplied gamma radiation with mass elements of adjacent
formations to determine relative densities. This is usually alao a
good determinative method since coal densities are commonly
congiderably lower than those of the adjacent beds. The combination
of these two logging techniques accurately measures coal intervals and

shaley partings within a sedimentary sequence.

A Well Reconnaissance, Ine. Geologger (Model Number 8036) was used to
log the holes, It wae mounted on a generator-equipped
Bombardier~tracked vehicle., A 6-foot gamma=-ray scintillator probe
vith a non-stretching cable provided accurate depth measurements for
correlation of the geophysical logs with the lithologic (rotary

cuttings) logs.
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Interpretations of the loge were made based on characteristic
deflections (magnitude, shape, noise intensity, etc.) and subsequent
comparison with lithologic logs. In genersl it wae difficult to make
lithologic correlations from hole to hole without the aid of the
lithologlc logs, but specific lithologic breaks within individusl
holes wvere easily locatable and, in genmeral, were within a few feet of
the depths shown on the corresponding cuttings loges. Lithologic
correlation of the five basic rock units uaing generslized geophysical
signatures from hole to hole within the prospect area was also fairly
reliable., A more complete discussion and the origimal logs and
interpretations are contained in a supplementary report, the complete

contents of which are listed in Appendix G.
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MINING PLAN

Although some consideration was given to other mining methods, modern
envirouméntally acceptable open pit mining practice appears to be by
far the most economical., This is especially so within the thicker
sections of the seam where stripping ratios are less than 2:1. The
following discussion is therefore developed around an open pit design
vhere waste from ome sectiom of the pit is backhauled to a previously
mined section and used to reclaim the pit to near former topographie
contours later, Costs are expressed in 1985 dollars and, while

amortization of equipment is included, the cost of financing is not,

Initial Development of the Ming

Initial development of the mine will require the comstruction of a
haul road, coal stockpile pad, airstrip, camp facility, and diversion
ditch (Figure S), Haul-road and camp construction will take place
over a 2-year period., Heavy equipment, fuel, and temporary camp
facilities will be delivered to Willow Bay in the fall, The next
spring before breakup, the equipment and camp will be moved cross
country to the campsite., Airstrip and haul road comstruetion will
take place the first summer using gravels from the bars and
floodplainge of the nearby Rugruk River or suitable material from
within the pit area. The same equipment will be used for this initial

development as will later be used to strip and mine the ceal.
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Earthf{l11 Structures

The largest and earliest earthmoving effort will be comstruction of
the roads The rosd will be about 10 miles long, built as a gravel
overlay averaging 35 feet in width and 5 feet in thickness, About
350,000 cubic yards of gravel will be required. A straight section
wider than the rest will be built near the camp facility to serve =as
an airstrip, The road will require five months to build. Gravel pads
wvill also be constructed for shop—generator, fuel storage, and
bunkhouse areas. A pad suitable for coal stockpile will be laid down
at the terminue of the road at Willow Bay, A ditch approximately
5,000 feet in length and small diversion dam will be comstructed om
Chicago Creek upstream from the pit area., Approximately 115,000
additional yards of gravel will be needed for these purposes. A total
gravel resource base of 500,000 yards is assumed for construction
(Table S). Because a majority of the annual heavy hauling will take
place in April while the roadbed is still frozem, road-design

requirements can be minimized.
The coat of thias construction (including limited funds for temporary

camp, planning, engineering, and environmental baseline studies over a

2-year period) is estimated to be $4.6 milliom (Table 6).
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2.

TABLE 5

Gravel Requirements for Road, Airfield, Camp,

and Pad Construction

Road (10 Miles X 35 Feet X 5 Feet)

Other

Extra Material for Airstrip
( 352 X 5,280 X 5°)
Shop/Generator/Puel Storage Pad
(2007 x 2507 X 107)

Approximate
Cubic Yards
( x 1,000 )

Totals

34
19

Bunkhouae/CafetetiA/Recrentiou/Housing/

Drain Field Pad:

(200 X 350° X 10°)
Camp Road Complex

( 352 X 3,000 X 5°)
Willow Bay Storage Pad
Miscellaneous

TOTAL

34

26

19
15
31

350



TABLE 6

Site Improvement Coats

Year ] (5 Months)

Road & Airstrip Comstruction:

1. FYield Labor &« o ¢ ¢ ¢« 2 o a a« o s o $1
2. Equipment Co8t. ¢ +» 4 « « « o » & o 1
J. Home Office & Sslaries. « o« « o« o
4, Air Tramsportation. . . « o & o« « &
5c Culvettﬂ & B!’idgeso ¢ e ® o6 o » @« @
6., Temporary Camp COBLB., o« o o o & »
7. Water Supply System . . « s ¢ « & o
8. Drain Fields. ¢« ¢ o ¢+ « o « o s » =

Year 2 (5 Months)

Continued Comnstruction & Overburden Stripping
at Normal Anpnual Operatiom Cost (See Table 13)

Contingency (152)
Subtotal

TOTAL SITE IMPROVEMENT COSTS (YEARS 1 & 2)

35

,050,000
,000,000

220,000

50,000
100,000
150,000
100,000
150,000

$2,820,000

1,553,000
__233,000

1,786,000

$4,606,000



Permanent Camp Facility

The permanent camp has complete facilities for 20 men and includes a
60-X-140-foot shop-warehouse (Figure 6), Congtruction materials, as
well as permanent fuel storage tanks, are to be delivered to Willow
Bay during the fall of Year !. The initial camp will have diesel
generators with waste heat utilizatiom, In future years, a small
coal-fired system would eventually provide prime power. The permanent
camp would be finally constructed during the spring and summer of
Year 2, concurreot with the onset of coal satripping activities. Full
occupancy is planmed for early part of Year 3 when the first coal
mining would actuslly begin, The permanent camp is estimated to cost

$1.8 million (Table 7).

Design of the Open Pit

The proposed pit (Figure 7) is to be developed as a
truck-shovel~loader operation with haul-back of waste occurring as the
mine proceeds., The initial open pit will be at the southern end of
the drill reserves near the historic Chicago Creek mining operation.
The latest reserve and overburden estimates would indicate that
initial development of the pit would logically commence in Segments IB
snd ITA (gee Table 5 and Figure 7) where stripping ratios are 1.7 and
1.6:1 respectively, Taking advantage of the lower topography of the

Chicago Creek valley, the pit could
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TABLR 7

Permanent Camp Costs

Ini{itfal Coate:

Cafeteria/Bunkhouse Facilities (20 People)

Bunkhouse

Cafeteria & Kitechen
Recreation

Shower

Shop/Warehouse/Office
Varehouse /Office
Skop (3 Bay,

60 X 100°)

Utilities
Generator

Transmission System
Hater Hookup
Sewver Hookup

Fuel Tanks (Bladder)

TOTAL

4,000 SFP

2,500 SP
1,500 S¥
1,000 SP

750 SP

5,750 SF @ § 85/8¥

@ $ 60/SF = 600,000

6,000 SF € $120/SF = 720,000

(2 - 150 xW);
Switch Gear (2 - SO0 KW)

150,000
50,000
50,000

50,000

125,000 GAL €@ $60/GAL

INITIAL COST

ANNUALIZED INITIAL COST (30 YEARS)

Avnual Costs
Supplies (Food)

Electrical Generation
Fuel--1, 15.0 Gal/Hr
X 150 Days

2.5 Gal/ﬂt
X 150 Days

2.5 Gal/Hr
X 215 Days

2,

Maintensznce
Raserve to Replace @

$20/Man-Day X 15 Men X 120 Days

Miscellaneous Maintenance

+ 152
TOTAL

X 12 Hrs/Day

X $1.25/Gal 33,750

X 12 Hrs/Day

X $1.25/6Gal 5,625

X 24 Brg/Day

X $1.25/Gal 16,125
27,750

10 Years 15,000

TOTAL
CONTINGENCY

ANNUAL COST

38

$ 488,750

960,000

300,000

75,000

$1,823,750

$ 60,792
§ 36,000
98,250

50,000

$ 184,250

27,637

211,890
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TABLE 8

Summary of Open Pit Data

*

| SEGMENTS | AVE, |TOTAL|

]l IA | I3 | 1IA | TIIB | III |[VALUE |VALUE|

| | | | | |

Average Coal Thicknmess (Ft)!| 37.5°) 85,07 83.0”| 34,0°] 18,07 51,57} |
| f [ [ | | ] ]

Average Dip | &5 | s1 | 47 | 69 | 70 1 s6 | |
| ! | | | | | [

Depth of Overburden (Fe)l 15.0°1 15.0’} 25,071 25,071 25.,0”71 21.07| |
| [ | | [ | |

Total Vertical Depth  (Ft)[300.071300.0°1 250.0°| 200.0°} 200,01 -- | == |
| | | | | | | [

Dip Depth (Ft)[360,0°1360.0°} 250,07 195.0°1 195,07 —-= | =~= |
| | ! | | | | |

Length (rt)1800.0°1700.07[ 650.0°| 730.0" 840.0’]744.0'|3,720'
| | | | I | | [

Stripping Volume ! | | ! | ! | |
(X 1000 Yd&3) 11,832 1,566 | 993 | 679 | 781 | -- 15,851]

| ! | | [ f | [

Mineable Coal Volume ) | [ ] | ) I |
(X1000 Tons) Il 459 [ 910 { 610 | 194 | 118 | == 12,291

| ] ! ! | | |

Years to be Mined | | ] | | ! | |
(@ S0,000IY!‘) l 9.1’] 18.2’] 12.2" 3.9’] 2.4‘" —— l 45.8‘

! ! | | ! ! ! !

Stripping Ratio | 4,0:111.7:1 | 1,6:1 ] 3.5:1 | 6.6:1 {2.55:1] |
[ | f | ! | | [

| | | | | | [ |

* Weighted according to coal volume.
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commence development im ITIA and move southward into IB, Initiaslly,
excavated vaste rock would be used as road base material, but excess
or unsuitable materizl cocld be stockpiled just downstream of the

operation and adjacent to the access ramp,

Ultimate pit depths of 300 feet below the surface are planned for
Segments IA and IB, decreasing to 250 feet below surface {n IIA partly
because of topography and to 200 feet in IIB and III., Coal and wall
rock alike are permanently frozem, suggesting slopes should remain
reasonably stable and little, if any, ground wvater will be
encountered. Therefore, the pit highwall has been designed at a slope
of 1/2 to 1!, These slopes in similar material have been used

succesnfully at the Healy and Matanuska coal operations,

If slope failure occurs, it will probably be along or behind the
footwall of the seam., Stripping no more than two years in advance
will allow the toe of the seam to be buttressed. Also, if massive
sudden slope failure does occur, it will only destroy a maximum of two
years’ esupply of stripped cozl, In a typical year, ample time would
remain in August and September for remedial slope repairs should they

become necessary (See "Operations” Activities —— Stripping & Mining").

Access into Segment I/Pit I will be gained by cutting a shallow access
slot to the south along strike and buildimg & haul read at a maximum
152 grade into the pit highwall., The pit would have a long enough

strike length to allow haul roads along the highwall without having to
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cut further access slots of any megnitude. Representative

crosa~gections of the pit are sbown in Figure 8.

Oparationg

The short mining season, relatively small demand, remote location,
short ice-free barging season, and shallow waters of Kotzebue Sound
wvill require creative solutions if the delivered price of the coal is
to be kept st a minimum., One of the best methods of achieving this
will be to sequence the mining and traneporting events according to
climate and grouﬁd conditiore. Stripping and mining activities will
be restricted to the spring and summer mounths in order to take
advantage of the long hours of daylight and warm wveather and to
minimize equipment maintenance. In a typiceal year, operationms will
begin in early April when the exposed coal bed will be mined and
hauled to Willow Bay and stockpiled. This mining and hauling will take
one month., All heavy hauvlage over the road to Willow Bay will be
complete by early May before spring thaws. The crews will then begin
to strip the overburden for the next season”’s mining which will

continue for 2 to 3 months, dapending on the depth of pit. Stripping

and reclamation operations will be completed by September 1.
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A summary of proposed mining and stripping operations are presented in
Table 9., Stripping i{s so scheduled that at least one year’s coal
supply, but no more than two (eee pit design discussion) is exposed
before the summer”s stripping is completa. Due to the low stripping
ratios, there will be some years when stripping activities will not be

necessary.

Equipment Selection

Several characteristics of the project suggest that new, proven
congtruction equipment should be selected. Equipment yearly use time
is low--averaging 1,000 hours annually. Volume to be moved is also
small--2,549,000 cubic yards of overburden and 1,500,000 tons of coal
over 30 years, or 85,000 cubic yards and 50,000 tonms annually,
Although annual use is low, any equipment downtime in this remote
location will have a significant impact onr production and expenses,
Therefofe, nevw equipment, rather than good used or rebuilt used
equipment, has been specified for the project. The equipment suite
(Table 10) selected is time proven in Alaskan conditions at places

such as Healy and on the North Slope.

Stripping cost estimates assume that the rock is to be both drilled
and blasted and further ripped and/or ripped and pushed prior to
loading., Drilling and blasting will be accomplished by a rotary drill

and truck utilizing ammonjum nitrate powder (Table 11), while ripping
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TABLE 9

Mining and Stripping Summary for Segments IB & IIA

Year Months Operational Coal Production Stripping
(tons) . (ey)
1 5.0 BUILDING HAUL ROAD
AND AIRSTRIP
2 4,0 BUILDIRG CAMP AND
PORT FACILITY 130,000
3 3.5 50,000 130,000
4 3.5 50,000 130,000
5 3.5 50,000 130,000
6 3.0 50,000 95,000
7 1,0 50,000 —

8 3.0 50,000 25,000
9 1.0 50,000 -———
10 3.0 50,000 25,000

11 1.0 50,000 —
12 2,0 50,000 12,500
13 1,0 50,000 -—-
14 1.0 50,000 =
15 3.0 50,000 Coal Stockpile
16 3.0 50,000 95,000
17 3.5 50,000 130,000
18 3.5 50,000 130,000
19 3.5 50,000 130,000
20 3.5 35,950

14,150 130,000
21 3.5 50,000 130,000
22 .5 50,000 130,000
23 3.0 50,000 95,000
24 3.0 50,000 95,000
25 3.5 50,000 130,000
26 3.5 50,000 130,000
27 3.0 12,750

37,250 95,000
28 3.0 50,000 95,000
29 2.0 50,000 64,600
30 2.0 50,000 64,600
31 2,0 50,000 32,300
32 1.0 50,000
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TABLE 10

Equipment Owmership & Operating Costs

Purchase Price Cost/Hour Cost/Year
1/ 2/ 2/
350 Payhaulers

2 - Operating $ 733,860 $161.64 $161,640

1 - Standby 366,930 36.69 36,690

Cat 245 Backhoe 510,850 91,90 91,900
Cat D-9L (2 FA) 479,251 108.62 108,620
Cat D-7 217,350 54,00 54,000
Cat 16G Blade 296,100 55.74 55,740
Cat 988 Stgndby 90,000 9.00 9,000
Rotary Drill 269,000 60,00 30,000
Anfo Truck 55,000 15.00 7,500
Coal Drill 20,000 2,500
Lube-Welder Truek 88,000 10,000
Boom Truck 84,500 10,000
Fuel Truck 30,000 5,000
Lowboy 60,000 10,000
Pickups (2 EA) 30,000 7,000
Suburban (1 EA) 20,000 4,000
Miscellaneous Equipment 20,000 20,000
Shop Bquipment 150,000 15,000

TOTAL EQUIPMENT COST 3,521,952

TOTAL YEARLY EQUIPMENT COST $638,590

1/ FOB Willow Bay

2/ Does not include operators’ wages, interest, taxes, or
insurance, based on 1,000 hours per year.

TABLE 11

Powder Costs

Purchase @ Seattle $.15/1b.
Freight to Willow Bay .21/1b

§.36/Lb, or $36.00/100 Lb,
Add 1 GAL Diesel @ $1.25/GAL 1,25

— T
$37.25/100 Lb.
At a power factor of 1, this yields $.37/cy

Yearly Cost = $.37/cy X 2,559,000 cy = $946,830 - 30 = $31,561

46



and/or ripping/pushing will utilize D-9L dozers. A Cat 245 backhoae
with a Cat 988 loader standby will load, and four Internmational 350
all-vheel drive Payhsulers with an extra ome for standby will haul the
coal and vaste., The dumpsite will be policed by either one of the
D=-9%8 or a D-7. All of this equipment is off-the~shelf production
line equipment with long sueccesgful record of use in similar aretie
environments and is readily operable by the local labor force, The
350~type Payhaulers will come equipped with both 50-ton coal boxes and
21 cubic yard rock boxes, so they can haul both coal to Willow Bay in

the spring and then switch over to rock hauling for stripping

operationsa.

A 10-year life is planned for all equipment., Thia corresponds to
about 10,000 total hours (or 1,000 hours average per year), which
falla well within manufacturer’s recommendations for this type of
vugage. We have assumed the equipment would be replaced twice with an
equivalent equipment spread, However, by the end of 10 yearas, both the
general characteristics of the operation will bg well worked out and
additional details of the deposit will be proven through exploration
drilling. If necessary, new types of equipment reflecting advanced
technology or a change in mining plans or sequence or production rate
can be conveniently brought inte the operation at this time., In other
worda, there is built-in flexibility in this approach, as compared
with planning a 30-year operation around a single expensive piece of

equipment such as a large dragline,
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Labop

A total crew size of 12 is planned for the mining operation during a
3-month field sesson wvith year-round office staff of three stationed
in Kotzebue (Table 12). A fully burdened wage rate of 3$35/hour is
used in the analyses which includes all overtime and employer”s
contributions, The superintendent/engineer, foreman, and shop foreman
are key people to the field operation and should be paid year-round to
ineure their availability; posaibly they could also help operate
Kotzebue facilities in the winter, A winter caretaker should be
retained at the mine to prevent vandalism. A year-round home office
staff of three is detailed. Although all of the hourly employees will
probably be local hire (Kotzebue or vicinity), it is very 1likely that
several of the initial salaried and year-round crew will need to bde
brought in from outeide the immediate area, prior to training of local
people for salaried jobs. Care should be takenm to see that their
salaries are sufficient to insure that they remain long enough to
successfully train a resident staff, The average annual production
cogts developed in this study are summarized in Table 5, which shows
that the average annual cost to strip and haul 50,000 tons of coal to
Btockpile at Willow Bay, with no provision for royalties or taxes, is

$1.5 million.,
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TABLE 12

Yearly Labor Costs

Summer FPield Labor:
* 1 - Superintendent/Engineer
* ] - Mining/Stripping Foreman
3 = Truck Drivere
2 - Operstors
1 = Laborer
* ] - Shop Foreman
2 - Mechanics
1 - Cook
1 - Cook Helper/Bullcook
12 - TOTAL
12 X 1,000 Hrg Each X $35/Br Avg $327,600
Winter Salaries (2 X $4,500/Mo X 7 Mos) 63,000

Winter Caretaker (1 X $1,500/Mo X 7 Mos) 10,500

TOTAL MINE LAROR COSTS $401,100
HBome Office in Kotzebue (w/benefite):
1 - Secretary/Receptionist $30,000/Yr
1 - Aceountant 60,000/Yr
1 - General Manager 80,000/Yr
TOTAL HOME OFFICE COST $170,000/Ye

TOTAL ANNUAL HOME OFFICE + MINE LABOR COST = §571,100
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Summary of Costsg

The average annual cost to strip and haul 50,000 tons of coal to
stockpile at Willow Bay, with no provision for royalties or taxes, is
$1,553,000 (Table 13)., Total capital investmeant costs amount to
$9,926,000 (Table 14). Mining development and production costs for

three production rates are summarized in Table 15.
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TABLE 13

Annual Operation Costs=-Chicago Creek Mine

Permanent Camp $ 211,890
Mine Labor 401,100
Home Office Labor 170,000
Equipment Ownership & Operating Cosat 638,600
Powder Cost 31,500
Air Transportation 50,000
Home Office Rent & Utilities 50,000

TOTAL ANNUAL OPERATION COSTS $1,553,000

TABLE 14

Total Capital Investments-—-Chicago Creek Mine

Site Improvements $ 4,606,000
Equipment 3,520,000
Permanent Camp 1,800,000

$_9,926,000
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TABLE 15

Summary of Costs--Chicago Creek Opesn Pit Mina

Development Costs

A, Exploration, Euviromentszl,
and Feasibility Studies

B. Capitsl Costs:
1. Site Improvement
2, Equipment
3. Permanent Camp

Totals

Annugl Production Costs

A B c
50,000 100,000 150,000
Tons/Year Tons/Year Tons/Year
$1,400,000  $1,400,000 $1,400,000
4,606,000 4,606,000 4,800,000
3,521,000 3,960,000 4,547,000
1,800,000 2,000,000  2.200,000
11,;27,000 11,966,000 12,947,000
1,553,000 2,356,000 3,188,000

—_—
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GEOTECHNICAL CONSIDERATIONS

Geotechnical factors influence design and comstruction of the open pit
mine, camp airetrip and haul road, an earthfill dam diversion
structure for Chicago Creek, and the coal handling facilities at

Willow Bay,

Open Pit Mine

The open pit minme will have & highwall slopa of 1/2(R) to 1(V), with
intermediate benches 15 to 30 feet wide. The footwall elope will be
45 degrees (the dip of the coal eseam) unless slope feilures cause it

to become flatter.

Very little ie kmown of the engineering characteristica of the soil
and roek strata that will be exposed in the mining operation. What is

known is qualitative in nature and may be summarized as follows.

Within the depths of interest, the soil and roeck is permanmently
frozen, except for the active layer which is probably on the order of
five feet thick, The overburden averages about 25 feet in thickness
and coneists primarily of ice-rich silt and organic material with
occagional ice wedges. The underlying rock includes ecocal, lignite,
shale, giltstone, claystocne, and schist. The condition of the rock

appears to vary from poorly cemented and/or weathered to intact.
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The overburden soils will be uuafahle vhen thaved. Eowvever, the
height of slopes in this material (about 25 feet) are such that the
slopes may be self-hesling or, at the worst, should require only minor

maintenance.

The stability of slopes in the rock is more difficult to assesns.
Poorly cemented, soil-like, rock might require much flatter slopes
than planned to be stable when thawed. However, the thawving process
vill take place gradually so that, if slides occur, they will be in
the form of Bhallow sloughing rather than deep-seated, massive slope
failures. The thawing and sloughing process in such very weak rock
could result in a retreat of the slope face on the order of five to

ten feet per year.

The dip of the rock beds probably precludes any massive slope
instability of the highwall, unless there are other major
discontinnities that dip to the east. Orn the other hand, the bedding
planes are unfavorably oriented with respect to stability of the
footwvall. 1In this case, sliding may occur if and when thawing reaches
a weak discontinunity. However, unless sloughing or slides occur, the
freeze~thaw cycle will only penetrate a limited distance into the
slope. This phenomenon is equivalent to the surface active layer and

should be limited to a distance of ten feet or less into the slope.
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In suminry, it appeare that the planned highwall and footwall slopes
are realistic., Even if the rock is very weak, the permafrost
condition will 1limit the extent of slides that can occur at any one
time. The amount of slide debris that is likely to be generated under
these conditions should not significantly interfere with coal

production.

Baul Road, Airsetrip, and Gravel Padg

The bhaul road, asirstrip, and pads will conmaist of S5-foot thick gravel
£i11, Source material for comstructiom of these f£ills may be gravel
from the Kugruk River bars and floodplains or crushed rock from nearby
outcrope, or both, At thisg time, the volume of fill material
available from rock outcropes has not beer evalumted, nor has the

relative economics of using river gravel versus crushed rock.

Summer comstruction is planned for these facilities. Depending upon
the material source(s) used, whether the material is frozem or
vnfrozen, and the mining plan, ripping and/or blasting may be required
to obtain the necessary fill guantities, If river gravels are used,
it may be possible to excavate some or all of the fill material by
stripping relatively large areas to shallow depths, On the other
hand, mining relatively confined 2reas to greater depths will probably
require blasting and backhoe excavatiom. Rock ocutcrops may be

rippable if the rock is poorly cemented or highly weathered; if not,
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blasting will be required. A more detailed investigation is required
to evaluate the relative economics of the various potential

fill-material sources snd develop & mining planm,

If unfrozen gravel or rock is available in sufficient quantities, it
will be possible to construct compacted fills that will remain stable
and require relatively little maintainance thereafter. However, if
the fill material contains ice, compaction efforts will be largely
ineffective., In this case, the £ills will have to be regraded and
recompacted after the ice melts. This process will ocecur throughout

the construction season and during the following summer,

The S-foot £ill thicknese will reduce, but not prevent, future thawing
of the underlying in-situ soil. However, for their intended use,
these fills should function adequately with some maintenance, After
one or two freeze-thaw cycles, the fills and the underlying in-situ
soils within the active zome should become quite stable., The
long~term performance of the £ills can be enhanced by minimizing
disturbance to the surrounding tundra and maintaining good surface

drainage,

Coal Handling Pacilities at Willow Bgy

The coal handling facilities at Willow Bay will include a gravel pad
for stockpiling coal, & couveyor system, and a barge dock. The gravel

pad will be constructed in the same manner aa described in the
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preceding sectiom, with additional ﬁroviaious for the collection and

treatmant of runoff water and leachate from the stockpile.

Piles will be installed to support the conveyor system and to
construct bresting dolphins for the barges. Onshore, the piles will
be ingtalled in permafrost as adfreeze piles. Depending upon the
nature of the permafrost (soil or rock type and ground temperature),
the piles may either be driven or placed in augered holes with slurry
backfill, Offshore, the piles will be driven into unfrozen soil.
Design and installation methods for piles in these conditions are
relatively straightforward but will require a more detailed plan of

the facilities and site-specific geotechnical data.

Earthfill Dam and Diversionm Diteh

Chicago Creek will be diverted around the mine by comnstructing am
earthfill dam and diversiom diteh, Material for construction of the
earthfil)l dam will be obtained from the same sources as that for the
bhaul road and gravel psds. A dam comstructed solely of this material
ie likely to leak excessively, Therefore, some type of impervious
surfacing will probably be required on the upstream face. Natural
impervious materiala do not appear to be available locally, so it will

probably be recessary to use geotextile material for this purpose.

57

L



Creation of a pool of water behind the dam and wvater flowing through
the diversion diteh will degrade the permafrost in these areas, This
will result in instability and erosion of the thaved soils ard may
require frequent maintenance until these areas adapt to the changed

envirorment,

Observations From the 1985 Exploration Season

As in past field programs, the chief objective of the 1985 work was to
define the coal resource and, as such, incidental geotechnical
information remains qualitative. However, the great number of holes
drilled in the vicinity of the proposed pit has increased our
eubsurface geologic understanding and our confidence in the genernl
stability of the material there, In asdditiom, a placer gold
evaluation of the Rugruk River floodplain, which was done for a
private client subgequent to completion of the coal program, provided
excellent informatiom om the character of the gravels there. The
following comments are therefore made as an update to the geotechnical

information base.

It appears that the stability of the pit walls, and particularly the
hanging wall, will be very good. This observation is based on the
following data: (1) the Tertiary shales which enclose the coal
section are relatively dry, consistent in dip and homogenons in

character; (2) portiona of the highwall will be supported by the more
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vell-indurated Paleozoic greenschisgts; and (3) the unetable
saturated-loess blanket is significantly thinner on the south side of
Chicago Creek where the greatest portiom of the demomstrated resources

have been dafined.

In the mine ares, the only significant gravel resources defined to
date are currently restricted to the Kugruk River valley, During the
placer evaluation program, 32 holes were drilled to bedrock. Of these
holes, only two were found to be thawed. The holes were spaced along
the margin of the river for approximately two miles; depth to bedrock
averaged about 15 feet., Typically, the sandy gravels of the Kugruk
alluvium were overlain by 2-4 feet of organic-rich silts and silty
gravels, The frozen material could be ripped by a large Cat and, with
care, the pite could be developed in such & way that water in-flow
could be minimized, Aufeis is a regular and extensive phenomenon
along the Kugruk River and should be planned for during early spring

gravel extraction.

Other gravels available include a emall rescurce on the beaches of
Willow Bay. These may be useful for an overlay on the proposed
docking causeway., Gravels discovered on the southern end of amd in
contact with the coal reserve are yet too poorly defined bdoth in
character and extent to be appraised, but could possibly provide a

good source from within the waste area itself.
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Other 1985 observations pertain to the continuwed possibility of
quarrying the weathered Paleozoic schists or Tertiary shales for
roadbase material. Initial development of the cosl will require a cut
into the north-facing valley wall of Chicago Creek. The material
overlying the coal here is a combination of schist and shale and might
provide an easily developed source of material while beginning the

exposure of the coals.
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COAL HANDLING AND TRANSPORT

Assuming that the power plant is built south of Kotzebue, it will be
necensar} to transport the coal out of the mine area. There are
several transportation options, inéluding railroad, rosad, air
transport, and hovercraft. These options are impractical because of
the small scale of the operation and/or the low unit value of the
commodity. A winter ice road is not feasible across Kotzebué Sound
becauge of pressure ridgee and anrual construction and wmaintensnce

expensa,

The option chosen for consideration in this report, naiected because
it utilizes proven, existing technology, is a8 combimation of truck
transportation to Willow Bay and tug and barge transport from Willow
Bay to Kotzebue (Figure 9). This option requires a road from the mine
to the coast; this road is probably required for bringing im equipment
and supplies, regardless of the coal transportation option. As in
the mine section, an annual production rate of 50,000 toms of coal was

uded as & base case.

Willow Bay Facilitieg

At the Villow Bay site, coal would be held in a stockpile area which
would consist of a level gravel pad, Facilities for drainage and
treatment of runoff water may be required., A pad of about 90,000

gquare feet would hold the entire season’s productiom of 50,000 tons,
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piled to a depth of 30 feet, and allov 20 feet of working room om all
sides, The cosl would be hauled from the mine site using mine trucks
and stockpiled by one of the mine’s D-9 bulldqzers. In this study,
the costs of the stockpile and of stockpiling have been included in

the mining costs.

Loading of the coal at the Willow Bay site would be done using a
conveyor system fed by s Cat 988 loader, It is assumed that the
mine”s loaders would be available at the time of the loading
operation. Only operating costs are, therefore, included in loading

expenses,

Barges would be moored at a dock facility to allow loading regardless
of the tides. Rigorous design parameters for the conveyor system and
the barge dock cannot be specified without on-site engineering
studies, The sketch plans and profiles shown on Figures 10 and 11,
howvever, drawn using topogrsphic waps, oblique photographs, and input
from the 1983 field crew, are accurate enough for preliminpary cost

egstimates.

The docking facility would be kept as simple as possible to minimize
costs. Mike Swalling, of Swalling Construction Company, an
Anchorage-based firm with experience in marine comstructiom, suggested
dredging a slip in the beach, poseibly in a notch previously faced
with sheetpiling (persomral communication, 1985). This would probably

have to be cleaned every year but would be relativaly safe from ice
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damage, Swalling suggested a facility of thie type could be
constructed for approximately $750,000 or possibly less. If a more
elaborate facility is required, an L- or T-sheped breakwater with
sheetpil; or piling berths for instance, costs would be more on the
order of $1,500,000 to $2,000,000, On-site engineering,
oceanographic, and ice stuadies will be required before designm
spacifications for e dock can be finalized. Por this study, wve have
chosen a conservative alternative of a short pier with dolphins at an

approximate cost of $1,000,000.

Preliminary costs and design factors for the conveyor system obtained
vith the help of Van Ooteghem Equipment Company of Anchorage. The
conveyor would be a 250-foot-loug and 30-inch~wide wire-rope system
with a hopper feeder and a telescoping barge loader., Preliminary cost

egtimates are about $1,000,000.

Barging

A1l barging would take place during the ice~free aerson, which
typically extends from mid-July to mid-October. It is assumed that =a
commercial marine transportation company will be used. A previous
study (Arctic Slope Engineers, 1984) has concluded that purchase of a
tug and barge might save money, particularly if used equipment is
available. The uncertainties in that approach, however, make the
costs difficult to {dentify, se for thie study, a conservative

approach using existing equipment known to be available was chosen.
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Barging costs that have been quoted in previouns studies range from
$17,78 to $62.80 per ton, The costs are based on the use of various
combinations of tugs and barges ranging in cost while undervay from
$8,500 to $15,000 per day. Some of the studies assume an entire day
to load the barge and another to unload, while another (Arctic Slope
Engineers 1984) assumes an unloading rate of 420 tons per hour using a
method similar to that proposed in this study. The higher cost
figures in the previous studies seem to be based on the inclusion of
large capital costs, the use of uneconomic sizes of barges, or the

assumption of unrealistically slow loading and unloading times.

Using the equipment described above, it should be pogssible to load the
barges at a rate of about 300 tons/hr, and a similar rate should be
attaipable in unloading. Using this rate, and assuming the use of a
tug and twvo tandem 2000 tom barges traveling at a speed of 100
miles/day, it would be possible to move 50,000 tons of coal irn about
22 days of continuous operation. We obtained a tentative telephone
quote from Crowley Maritime Corporation of Portland to move the coal
using equipment such as this for a total cost of $400,000. This
figure is based on a rate of $8,000 per day and assumes travel time to
and from Portland. The use of an additional set of barges would allow
the tug to be underway more or less continually, and would allow a
gignificant contingency for weather and other delays at the same or

reduced coste.
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Kotzebue Facjilitjes

Shallow draft barges can be unloaded st existing facilities inm
Rotzebua. A proposed port facility at Cape Blossam (about 10 miles
soutk of Kotzebue) could also potentially be used, allowing for the
use of large-tonnage, deep-draft barges., Because of the costs of
truck trsmeportation, however, there is appreciable cost savings if
the unlocading facility is close to the stockpile site., It is
therefore assumed that construction costs of a separate barge docking
facility will be offset by savings in tramsportation and other costs,
and that the unloading will be done at & new facility located just

south of Kotzebue and immediately adjscent to a stockpile site.

The unlocading is assumed to be done by a wheeled loader similar to
that used in the loading operation. Although in practice some asort of
specialized barge unloading equipment may prove to be cost effective,
proven existing techmology was again chosen for the purposes of this

study.

The loader and two trucks will unload the coal and transport it to the
stockpile site, The coal will be stacked by & D=7 Cat. If the barge
trangportation can be done after mid-August, the D~7 Cat and some of
the trucks from the mine will be available. We have, however, assumed
purchase of a loader, as one will be needed om a2 year-round besis to

feed the plant,
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There are several factors that pust be considered in selection of a
stockpile site, including environmental and scenic considerations,
cost and availability of lands, and length and location of land
transportation routes. It is assumed for this study that the storage
faeility will be located south of Kotzebue and adjacent to the power
plant, The primary environmental conrcerng are wind-blown dust and
run-off water. Because of these factors, and the necessity of keeping
the coal from freezing in the winter, it is assumed that the storage
facility will be enclosed by & simple, uninaulated structure. The
storage facility will have to be about the same size as the holding

facility at Willow Bay, about 90,000 square feet.

Transportation Cosats

Capital costs of the transportation equipment are shown in Table 16,
and transportation costs for the coal are summarized in Table 17, The

cogts in the tables are for the base-case prodvuction of 50,000 touns

per year.
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TABLE 16

Capital Costs of Transportation System

Willow Bay

Conveyor System $
Dock Facility

Kotzebug
Dock Facility
Stockpile Site
Loader

Total $

TABLE 17

1,000,000
1,000,000

1,000,000
800,000

200,000

4,000,000

Trensportation System Operating Cost Summary

Annual Opaerating Costs

VWillow Bay
988 Loader ($ 91/Bour) ¥ $14,560
Conveyor/Barge Loader ($ 50/Bour) 8,000
Kot zebge (Unloading)
988 Loader ($ 91/Hour) 14,560
2 Trucks ($§120/Hour) 19,200
D-7 Cat ($ 68/Hour) 10,880
Subtotal

Tug and Bsarge Costg

Rental and Operation

Annual Total

*  Operation costs include labor at $35/hour,
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$ 22,560

44,640
67,200

400,000

$467,200
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If the anncal production were to be increased to 100,000 tons, the
loading and unloading facilities, would still be adequate but more
stockpile space would be needed, increasing the capital costs to sbout.
$5,000,000., The cost per ton of loading and unloading would not
change significantly so that figore would double. Barge costs could
be reduced because only one trip to and from Portland would be
necessary, but it would probably not be possible to realize any
economies of scale f£rom larger barges due to the draft limitations at
the RKotzebue end, Calculations based on these assumptions indicate
that it should be possible to move 100,000 tons of coal for an annual

operating cost of about $774,400.

Agsuming an annual production of 150,000 tons, still more stockpile
space would ba needed, and the loading and unlosding facilities would
probably not be adequate to lcad the barges at an effecient rate,
especially as two tugs might be necessary to move the tomnage during
the region”s short shipping season. A capital cost on the order of
$7,000,000 would therefore be required for the tramsportation
facllities. The operational cost of loading and unloading would agaiun
increase in a linear manner but an extra Portlapd-Kotzebue-Portland
run would be required if a second tug were utilized, If that were the
case, 150,000 tons of coal could be moved for an annual operating cost
of something like $1,001,600, Tranaportation costs are summarized in

Table 18.
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TABLE 18

Agnual Tremsportation Costs at
Varying Production Rates

50,000 100,000 150,000
tons/year tons/year tons/year
Capital Costs $4,000,000 $5,000,000 $7,000,000
Operating Expenses 467 ,200/TR 774,400/1R 1,001,600/18
Nominal Coat/Tomn * $9.34 $7.74 $6.60

* Excluding financing costs,
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FINANCIAL ANALYSIS OF DELIVERED COAL COSTS

While there is not enough hard datsa available to determine a final

selling price for Chicago Creek coal as delivared to the power plant

stockpile south of Kotzebue, it is possible to project a reasonably

sceurate range of selling prices (in 1985 dollars), using the

following parameters:

Not taking inflatiom into account,

Asguming that 80X of the hard capital and development
costs are borrowed at an average rate of interest of 10.5%.

Assuming that the development costs and interest =are
amortized evenly over the eatimated 30-year life of the

mine,

Assuming that the current tax rates and laws stay the
fame, .

Assuming that the coal ig mined by the resouvrce owners
and is therefore not subject to a royalty.

Determination of Mining Costs

A range of price-per—~ton figures can be determined at different ansnual

production rates for the cost of mining the coal and delivering it to

the Willow Bay stockpile site using the coet information in the

section on the open-pit coal mine.
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Caee 1 ~—— 50,000 Tons Per Year

Capitll Costs (Tabla 15) « ¢ » 8 ¢ &« ¥ o @
Dcvelopment Period Interests 4+ « o ¢ s o «

Tota]l Development Coste
Finaneing - 80X of Capitni Costs o+ o « o »

Actual Capitsl Required

Annual mining and operating costs would be

Direct Operating Expense. .

Insurance and overheade « « « o« o o &
Interest (Avernge). 6 o @« « ® 8 o o @
Amortization of Development Costs ., .

Total

Assuming that the mine owner invests

[ ] . a [ 3 L | L] [ ] $ 9.926’000
L} [ ] [ ] e e [ ] L] 1 32 30

14,859,300

[ ] L ] L] L] L ] L] L] 7 940 8
$ _4,035,300

as follows1

$ 1,553,000

e e 140,000
L] L] L J [ ] L] L [ 827 ’300
« e « o « & « __ 335,300

$ 3,543,600

$2,192,500 in Year 1 znd

$1,842,800 in Year 2, a $578,000 yearly after tax cash flow would be

required to generate a 157 return on investment, It is assumed that

this would be the minimum acceptable return te an investor. The coal

price neceasary to generate the desired return can be determined as

followe:

Desired Cash FlOow ¢« o ¢« ¢ ¢ a o o o o
Add in Annual Debt Reduction. . . . .

Lens Amortization « o o« o ¢ o 6 o o @

Net Profit Requirement
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« « a s e s . __ 360,800
938,800
« 4 4 e s .. 335,300
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Assuming a 502 effective rate of tax, the owner would need to generate
a pre-tax profit of $1,207,000., Sales coste would be determined as

follows:

Annual Mirning and Operating ExpenseS. . . « « « « « § 3,499,300
Profit RequUirements .+ » o« ¢ o« s o « » o o s ¢ o & @ 1,207,000

Total $ _4,706,300

$4,706,300 divided by 50,000 tons annually indicates a per~tom price
of $94.13,

Case 2 -- 100,000 Tons Per Year

Capital Costs (Per Summary)e o+ 2 o o o o o « o « « o o o $§ 14,330,000
Development Period Interest. o« o o o o 2 o o ¢ s o « o « 1,413,300

Total Development Costas 15,743,300

Finant:ing - 80: Of Capital Cost. e 6 o 4w o 6 a4 ® @ o v o 11 ]464|0°0

Actual Capital Required $§ 4,279,300

Annual mining and operating costs would be as followst

Direct Operating Expenses: « « o« o .« $ 3,400,000

Insurance and Overheads « ¢ ¢ ¢ « s a a o o o « o o 190,000
Interest (AvetASE)- « @ 6 ® o B & B 6 6 e @& 4« o o = 876’300
Amortigation of Development COBEB & o« o « &« o o o o 344,800

Total § 4,811,100

Assuming that the mine owner invests $2,337,800 in Year 1 and
$1,941,500 in Year 2, a $613,200 annual after tax cash flow would be

required to generate 2 15 return on investment, It ig assumed that
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this would be the migimum acceptable retura to the investor. The cosl
price necessary to generate the desired return can be determined as

followss

Desired Cash Plow o o o ¢ o « o & « 5 ¥ @ e 6 o o o 8 613.200
Add in Annual Debt Reduction. . ¢ e ¥ o ¢ ® ¢ 0o o @ 382,10

995,300
Less Amortization . « ¢« ¢« o ¢« « o » e« % & ®» ® ®» 8 & 34&.800

Net Profit Requirement $ 650,500

Agsuming a S0 effective rate of tax, the owner would need to generate
a pre-tax profit of $1,301,000, Sales costs would be determined as

follows:

Annual Mining and Operating Expenses, . « . « «.-« « $ 4,811,100
Profit Requirements o« « « o« v o o ¢ s o « ¢« o o o o 1,301,000

Total 0§ 6,112,100

$6,112,100 divided by 100,000 tons annual production yields a per tom
price of $61,12,

Case 3 -= 150,000 Tons Per Yeay

Capital Costs (Per Summary)e « o o o o « o o ¢ o « &+ o« « 9 15,600,000
Construction Period IntereBt o o « ¢ o = o o ¢ ¢« o » o & 1,547,000

Total Development Costs 17,147,000
PianCing e 802 Of Capital CoBLB o o ¢« o « s ¢ « o o « . 12.4801000

Actual Capital Required $§ 4,667,000
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Annual mining and operating costs would be as follows:

Direct Operating Expense., . $ 4,600,000

Insurance and Overhead, « o ¢« o« ¢« « o 2 o & s & o & 220,000
Ipnterest (Average). 6 & 6 ¢ & 8 a & 6 W 6 6 8 & & ® 953 ,900
Amortization of Development CoBtB « ¢ « « v « ¢ o o 364,900

Total $ 6,138,800

Asguming that the mine owner invests $2,569,100 in Year 1! and
$2,097,900 in Year 2, a $669,100 annual after tax cash flow would be
required to generate a 157 return on investment, The coal price

neceasary to generate the desired return can be determined as follows:

Desired Cash FloWw « « o o o o« ¢ o s o ¢ o o & ¢ a o 8 6690100
Add in Annual Debt ReductioBe o o o o s o » « o o « __ 416,000

1,085,100
Lea! Amottization e 6 @ o ¢ » o &6 &6 & o & ¢ 0o @ o =8 __36_4&

Net Profit Requirement $ 720,200

Agsuming a 50Z effective rate of tax, the ownmer would need to generate
a pre-tax profit of $1,440,400. Sales costs would be determined as

follows:

Annual Mining and Operating Expenses, « « « « « « « $ 6,138,800
PtOfit Requireﬂlents e @ 6 6 @ W 6 o a ® a&a ®w e 6 & a 1.440‘400

Total $ 7,592,200

$7,592,200 divided by 150,000 tons annual production indicates a
per-ton price of $50.53.
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If mining costs and rates wvere better defined, a more detailed
economic analysis might yield a lower price per ton, Ag an example,
any financing, rather thar being smortized over a 30~year period,
vould probably be repaid over a2 20-year period. The interest would
therefore be larger during the early years of the loan period. Righer
interest figures would result in lower income taxes and increased cash

flov, Because of the time value of money, higher early year cash
flows would permit the owner to generate a 157 return on investment

vhile charging less for the coal,
In addition, the reduction inm corporate tax rates now before Congreas
would, if passed, raduce the project’s effective tax rates from 527 to

45Z. This would reduce price requirements as follows:

Cost Reduction

Annual Production Per Tom
50,000 toms $2.20
100,000 tons $1.20
150,000 tons $ .90

Given the potential areas of price reduction, a range of projected

prices is as follows:

Per Ton
Annual Production Price Range
50,000 tons $87.50 - $97,50
100,000 tons $57.00 - $63.50
150,000 tons 847,00 - $52.50
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Determination of Transportation Costs

Using the same factors and requirement for 15% return on investment that
vere used for the cost of minipg, and refering to the capital and operating

figures developed in the transportation section, the per tom cost of

transporting the coal to Kotzebue would be determined as follows:

Capital Costs:

ANNUAYL RATE OF PRODUCTION

50,000 Tons

100,000 Tons

150,000 Tons .

Capital Costs (Per Summary) $4,000,000 $4,000,000 $7,000,000
Construction Period Interest 210,000 262,500 367,500
Total Development Cosats 4,210,000 5,262,500 7,367,500

Financing 3,200,000 4,000,000 5,600,000
Actual Capital Required $1,010,000 $1,262,500 $1,767,500
Annual Operating Cost:
Direct Operating Expense $§ 467,200 § 774,400 $1,001,600
Interest (Average) 244,600 175,400 245,600
Amortization 140,300 175,400 245,600
Total Costs $ 852,100 $1,255,500 $1,675,200
Determination of Nat Profit Requirementp:
Desired Cash Flow $ 153,800 $ 192,300 $ 269,200
Add in Apnual Debt Reduction 106,700 133,300 186,700
260,500 325,600 455,900
Less Amortization 140,300 175,400 245,600
Net Profit Required $ 120,200 $_150,200 $_ 210,300
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Again azssuming a 50% effective rate of tax, transportation prices

wvould be determined as followat

50,000 Tons 100,000 Tons 150,000 Tons

Annual Operating Costs $ 852,100 $1,255,500 $1,675,200
Profit Requirement (2X) 240,400 300,400 420,600
Total $1,092,500 $1,555,900 $2,095,800
Cost Par Ton §21.85 $15.52 $13.97

With poesible reduction im tax rates, and with more detailed

feasibility information, these costs could probably be reduced.

A range of projected prices is as follows?

Per Ton Price Range for

Annual Production Apnual Transportation Costs
50,000 tons $20.50 - $22.50
100,000 tous $14.50 - §16.50
150,000 tonmns $13.00 - $14.50

The totel averaged delivered coal cost for various production rates
are shown below (Table 19), The cost includes delivery of the coal to
the stockpile adjacent to the power plant located about one-half mile
south of the Kotzebue airport, In addition to the effect on price
that variable financing arrangements can have, the most obvious facter
in reducing cost will involve production rate, A doubling of
production rate reduces the unit price by nearly 35%., The 150,000

ton/year case, which spproximates productionm rates to meet the
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TABLE 19

Total Delivered Coal Costs

PRODUCTION RATE

| |
] |
Cost | | | !
Category fS0,000 Tone/Year |100,000 Tonn/Year}lS0,000 Tous/!eari

|
Mining | 74 ! 47 | 28 |
( { | |
| | | |
Transportation! 22 { 16 i 14 {
| | | |
Total Cost ] | | |
$/Ton | 96 : 63 1 42 !
| |
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electrical needs of both Kotzebue and the Red Dog Mine, decreasea the

unit price more than one-half,

The unit prices asre considered to be conservative because of: (1) the
possibility of more attractive financing packages, (2) potentisal
savings that could arise from owning and operating the barge system,
and (3) the mining costs can likely be reduced somewhat a8 additional

information is gathered.
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POWER PLANT

Many factors enter into planning of a power plant, some of which
cannot be determined without extensive further study. By considering
the various alternatives, hovever, and draving on the consultants
experience, a reasonable choice of facilities and location can be

identified for a base~case cost study,

Site Selection

There are two general siting possibilities which were comsidered in

developing this study—-(1) Mine-mouth and (2) Kotzebue.

Although a mine-mouth plant would be at the gite of the resource, a
transmission line would have to be built from the mine to Kotzebue and
the power plant would have to be constructed and operated at a remote
site. If the coal is trangported to Ko:zeﬁue, construction and
operation of the power plant would take place in the vicipnity of a
developed community with an already operating, successful electric

utility,

Construction and operation of a coal-fired power plant in a region
remote from developed communities and completely dependent on the
comparatively primitive infrmestructure related to the proposed coal
mining operation, will definitely increase construction and operating

costs, and will add the coordination problems of operating anm
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integrated powver system with major power plants 100 miles apart tied
together by a single transmigssion line. There will also be zdded
personnel problems associasted with hiring and keeping gqualified

persons iﬁ isolated locations,

For the purposes of this section only a Kotzebue plant 1location is
considered. A apecific location requires detailed study and community
involvement to consider the potential impacts relating to coal
utilization, possible waste heat uses, employment opportunities and
other monetary impacte, and many other enmvironmental and
socio~economic factors. A preliminary choice has been made f£or this
study of a location about one mile south of the sirport nesr tha

presently used waste disposal area.

General Plant Requirements

The potential market for electrical emergy has beern discussed in the

earlier section on market demand. The requirements shown vary from
about 4,000 KW (today”s peak requirement in Kotzebue) to 20,000 KW in

30 years.

Generating unit sizes now used in the Kotzebue diesel-electric plant
vary from 500 KW to about 2,000 KW, This 2llows an efficient
operation of units to match the varying electrical loads of the
community, Addition of coal-fired facilities to the system i an

efficient manner would require that umit sizes be selected which would
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perform scceptably under the typicallloading which might be expected.
Modern stesm-powered electric generating units maintain relative high
efficiency over a wider range of loading than diesel-electric units so

that larger units cam be prudently inatalled.

The proposed power plant, located as specified above, would utilize
the Chicago Creek coal which would be delivered to Kotzebue by the
methods described in the section labeled on tramsportation, A coal
stockpile at the plant site must handle nearly a year’s supply (barge
transport can operate only ebout three months during late summer) and

should be covered to eliminate problems from wind and snov.

The power plant must either use the salt water of Kotzebue Sound or

eir for condenser cooling.

Air quality requirements have not been established, but it is assumed
that 0.10 grains/Standard Dry Cubic Foot of gas corrected to 121 CO2

for particulates and 30Z opacity is acceptable.

Remanufacturing enterprises can provide a wider range of unit sizes at
prices substantially less than new equipment available (Appendix EB).
Each remanufactured plant or equipment package is unique; &
case-by~case analysis ias therefore required to provide correct
perspective for comparing to more conventional solutions. Some
intriguing possibilities were inveatigated briefly by the team

(including the recently shutdown Knik Arm Power Plant owned by Chugach

85

Y



Eleetrie Association, Iume.), but it is beyond the scope of this report
to do more than point out the factors involved vith remgnufactured

units, including operating costs and the local economy!?

;3znemanufactu:ed units could reduce initial plant coet by

2) Careful anslysis must be made to compare relatively
efficiencies of nev versus remanufactured units. A loss of
207 in efficiency could absord all the gain of a lesser
investment,

3) Because of their slightly lower efficiency,
remanufactured plants will require somewhat greater amounts
of fuel, This in turn will require more production at the

mine (more labor) and may also effectively reduce the cost
of th coal on a per ton basis.

Other power—-plant options which must ultimately be conesidered inclﬁde
the use of evolving technology such as fluidized-bed combustion,
Small fluidized-bed plants are currently being used in industrial
applications in many parts of the world and the technology is rapidly
developing. A brief overview of some aspects of fluidized bed
technology is given in Appendix P. 1In keeping with the basic
assumptions of this study, hovever, we have chesen a conventional
syetem basing our analysis om a new, conventionally fired plant sized
at 10,000 KW (single unit) which will support an average annual energy

use equivalent to 50,000 tons per year of Chicago Creek coal.
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Equipment Requirementyg

The following discussion is based on the construction of a newly
manufactured plant, The plant should bhe sized to output 10,000 KW of
electric capacity from a condensing unit with provision for extracting
steam at 10 psig for heating feed wvater, Total throttle flow to the
turbine will be from 140,000 to 160,000 pounds per hour of 650
psig/7500F steam. To handle 200t blowing, blow down, and
migcellaneous radiation and leskage losses, the boiler selected should
have a steam capacity of about 180,000 1bs./hr. There should be

standby capacity of 180,000 lbs./hr.

The eize of air and gass handling equipment will depend on the amount
of excess air needed for optimum firing. This in turn will depend omn
the moisture content and general quality of the fuel, It is assumed
that the exhaust gas flow will yary from 210,000 to 229,000 1bs./hr.

at full boiler output,

Special attention must be given to firing methods to be sure of
obtaining the necesasary turn-down ratio. The retention time needed
for fuel particles to burm completely in the furnace depend on their
size, shape, and moisture content--the greater the moisture content
and /or size of the particle, the longer the time required for firing.

For thie resson, those firing methods that provide longer retentionm
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times, such as keeping the fuel on grates, are to be preferred teo
those methodse which burn {n suspension~~especially where moisture

contents are high,

The type of firing best suited to the characteristics of Chicago Creek
cosl would probably be one employing & chain-grste stoker, provided it
can be uniformly loaded with fuel across its entire width, By varying
the speed and height of the bed together with the flowv of combustion
air, the heat release from the grate could follow load requirements.
A major advantage of this type of firing lies in its automatic and
continuous discharge of ash off the end of the chain and in its

ability to handle clinker formation.

Another posasible form of firing would be pile-burnming in four
fuel-cells, arranged two by two. The cells could be arranged to
closely control the floew of both undergrate and overfire combustion
air, Although ssh removal would be manual, the ability to shut down
one cell at a time for cleanring without disturbing the other cells
would permit ash removal to be accomplished ‘vith little or no change
in steam pressure or release of pollutants to the atmosphere. This
combustion method would be limited to fuels with leses than 50

moisture and an ash and dirt content of less than about 32.

Bigh furnace temperatures are essential for clean combustion, These
should be in the 1500°F to 1600°F range for optimum firing. Above

this value there is some danger of slagging the dirt and sand on tube
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surfaces., At lowver values, gases are apt to eunter the boiler
convection section prior to complete burnout resulting in the issuance

of smoke to atmosphere, The furmace should contain ar adequate amount

of refactory surface to stabitize temperature,

The use of over-fire air jets is also helpful but careful design is
required to obtain adequate penetration and turbulence. The
"spilling" of low pressure air into the furmace, especislly if

unheated, will lowver combustiomn quality.

An air heater will be needed to furnish combuation air at an elevated
temperature of aﬁout 400°F. This could be of the regenerative plate
or the tubular type, the latter being the more common. Additionally,
the latter type will permit the installation of a gas bypass damper
between stages without the need for special ducting. In addition to
facilitating the bypass of the heating surface during start-ep, the
arrangement permits the automatic controlling of the leaving gas

temperature to avoid dev point condensation,

By placing the heater between the boiler outlet and the mechanical
dugt collector, the size of the latter would be minimized, The basis
for sizing would be a pressure drop of 3.5" to 4.5" of water column at
maximum deeign flow. The output of the mechanical dust collector 1is
connected to the induced draft fan which must aspure the maximum
design flowe at the pressure drops necessary for the proper operation

of the whole combustion and exhaust syetem.
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The sizing of the air heater to obtain heat recovery between gas
temperature limits at the boiler outlet, and the dew point approach,

eliminates the need for an economizer,

The boiler sclécted for the plant should be ome which pfovidec
flexibility for the deeign of a boiler assembly best suited to the
characterigtics of the fuel. Such a unit would probably be erected on
site, There is at least one manufactorer who makes suitable units in
shop-fabricated modules which can be shipped to the site and erected

with a minimum of field labor.

Black=-start capability for this power plant is coneidered necessary,
A location immediately adjacent to the existing diesel plant in
Kotzebue might preclude additional facilities, but the lecation
assumed for this report requires the assurance of such a
self-contained electrical supply, The use of auxiliary steam—-turbine
drives for functions such as boiler feedwater pumps should receive
careful comsideration. During start-up, power will be required for
emergency lighting, power for supplyinmg fuel to the grates, and
feedwvater to the steam drum. Alsc, an unscheduled outage during
normal operating conditions will require a means of feeding water to
the steam drum that is independent of the generated electricity. This
capability can be most reliably supplied by installing a combination
of auxiliary steem turbine drives and in-plant emergency electrical

generating units and batteries.
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Coal Quality and Sizing

Coal quality is adversely affected by high moisture content, excess
dirt and sand, and/or other inert materials, Unless some form of
drying is employed, the moisture content will be established by the as
mined condition. To avoid degradation, open storage should be avoided
in favor of closed storage. Closed conveyors are preferred to open
types which are directly exposed to the vagaries of weather. The
plant requirements described above provide for coal moisture contents
up to 502 although tests of the Chicago Creek cosl samples to date

indicate less moisture than this,

Inclusion of dirt, -sand, and/or othaer inert materials is largely a
matter of care exercised im-ite handling. Proper training and
supervision of persomnel involved in euch handling can minimize the

inclusion of auch unwanted items,

Size preparation of the coal at the power plant would probably be more
energy efficient than off-site preparation because of the availability
of coal generated electricity rather than a diesel generated supply.
This advantage, however, would be offset by lees noise and more

handling efficiency at the plant site if off-site sizing is used,
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Eovironmental Considerations

Environmental standsrds that are to be met by this power plant must be
established by appropriate regulatory authority and the local
community, Such standardes have not been set for this potential
development; howvever, the following comments are made based on what is

believed t6 be reascnable assumptions:

Por this study, an air quality etandard of 0.10 grains/standard dry
cubic foot of gas (corrected to 12Z CO2) for particulates and 30Z
opacity is used. It is intended that this standard can be met by the
requirements listed in preceeding paragraphs if the coal moisture
content does not exceed 30Z. For higher moisture contents, options
would imeclude the installation of coal drying equipment, a dry
charged-bed scrubber, or a bag house, Wet scrubbere were not

congidered feasible because-of waste discharge problems.

Suitable charged-bed dry scrubber equipment is manufactured by the
Combustion Power Company of Menlo Park, Califormia. 1In these units,
the charged medis bed of selected gravel is contained within two
concentric cylindrically shaped verticsl vessels specifically
constructed with louvres to permit the passage of the flue gases. The
bed moves continuoously downward to the bottom, where a small portion
of it i8s removed and discharged pneumatically back into the top. The

medis 1s c¢leaned in the process,
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Becausa of the continual recirculation of a portion of the media, it
is claimed that the unit hss 2 higher tolerance for operation at
dev-point temperatures thanm other types of dry cleaning
devices~-—especially if a small exchanger is used to heat the
recirculating media., It is also claimed that availability will de
virtulily 100X, particularly if a spare blower is instelled for media

recireulation.

Handling of fly ash by pneumatic reinjection into a furnace has become
common practice~-juetified on the basis of improving combustion. In
reality, the improved combustion is hard to identify and is
accompanied by an increase iﬁ.particulates discharging from the stack.
If reinjection is employed, it will be accomplished by feeding the ash

and unburned combustibles vniformly into the fuel stream,

Water quality standards are primarily concermed with the discharge of
toxic wastes, Major enterprises engaged in the treatment of water for
boiler feed and other industriel purposes have developed complete
lines of chemicals for controlling toxicity im the discharges to make
them environmentally acceptable. Specifie treatments are developed

for the particular chemistry of the water available for makeup.

A major discharge source from a power plant such as the one described
herein (using a condensing cycle) will come from the cooling tower

blowdown fluids where a closed loop is employed to obtain condenser
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cooling water, This waste vater source would be eliminated 1if
approvals are obtained for once-through cooling using the salt water

of Kotzebue Jound.
Noise levels are s& concern of neighborhoods adjacent to power plants,
It is assumed that this coal-fired pover plant will produce no more

noise than the diesel-electric plant which it will likely displaca.

Preliminary Construction Cost Estimate

The following costs are approximate only and must be revised to suit
design criteria as they become better identified (Table 21). The
final estimated comstruction cost includes the power plant, its stepup
substation, and covered storage for the coal stockpile., PFor the
purpose of comparing the cost of energy at an increased use rate,
estimated costs for & second uwunit addition to the plant are also

included in the table,
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TABLE 20

Construction Cost Estimate (1985 Basis)
10 MW Power Plgnt - Rotzebue

Cost ($1,0007s)

Item Description 1st Unit 2nd Onit
Land and Land Right.o e ¢ & o @& o @ @ o e @ 6 @ o o 75 0
Roads L [ ] L L N L] L J L L] L] L] L L] * L ] L] * L ] L] L] e [ ] L] 85 0
Sitﬁ and Yard Improveﬂent'. ¢« & ¢ o 6 o o @ o o @ o 95 0
Intake and Structures:
Piling and Concrete StructuUres . o o« « o o o o o 100 50
Traveling Screen, Pumps, and Pipings: « o ¢ o o & 85 85
Structural:
Foundation and Sub~Structure . « « « s « ¢ o o o 400 400
Building and Structural Steel. « ¢ ¢ « ¢ o o ¢ o 500 500
Concrete and Miscellaneous Met8l « o« « « o« « o « 400 400
Covered Coal StOTAZE « « ¢ o o s ¢ o o o o o o o 500 1,000
Mechanical:
Turbine-Generator. e © & o & 8 6 © 8 & e & ° & s 2’000 2’000
Steam Generator (Boiler) and Auxiliaries . « . » 7,200 7,200
Machinery, Pumps, and Equipment. . o« « « o o o« & 1,200 1,200
Instruments and Controls « « « « o ¢ « ¢ o o o o 780 780
Mechanical Work and Piping « o « o s ¢ ¢ « o o o 1,700 1,700
Coal and Ash Handling. e e o @ & ® 0o o e o o o o 1,200 1.000
Circulating Water and Plumbing Systems . « « o« o 500 300
Water TregtmenNte o« ¢ ¢ « ¢ « ¢ « ¢ ¢« ¢ « & o & o 420 300
Precipitatot e ® e« e e @ ® © ® ® @ 6 o 8 ° e e » 2’500 2’500
Electrical:
SWitChgear and Control . . . ¢ € o o o o o o e & 400 400
Wire, Cable, Conduit and Motor Control Center. . 300 300
Lighting and Distribution. « « ¢ « ¢ o ¢ o « o o 300 200
Substation (Stepuple « « o « ¢ o o o o ¢ o o o o 800 700
Subtotal Direct Cost 21,540 21,015
Engineering * * L ] L ] L ] L ] . L] L] L] * L] L] . L] ® L ] L ] * L] 4’000 3’000
Contingencies « « o o « ¢ o o ¢ ¢ o o o o o o o o o 500 500
Interest During Constructione. « ¢« s ¢ o o ¢ o ¢ o o 781 750
Construction Management « . o« o ¢ s o o s o o o« o o 480 300
Freight and Misc. Expense . « « o o o ¢ ¢ ¢ o« o o o 1,000 1,000
Total Construction Cost 28,301 26,565
Dollars ($) Per Kw. L] L] . L ] L] L * L] L L ] [ ] . L L] L - 2’830 2’657
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ELECTRICAL TRANSMISSION

Electrical transmission lines are used to transmit relatively large
azmounts 0f energy from one point to another by means of wires, Thesa
vires, supported above the ground at safe heights, provide an
electrical path for energy tramnsfer, Experience with comnstructionm and
operation of such lines in Alaska provides the background for the

estimates and comments made in this section,

The following chapter begins with a discussion of the basie
information, assumptions, and costs imvolved in the economic analysis
of transmitting power in Northwest Alaska, Using this informatiom, a
comparigon can be made between barging coal to Kotzebue from Chicago
Creek versus the transmission of emergy from a mine-mouth power plant
to Kotzebue, Based on this comparison and other reasoning, we select
Kotzebue as the most probable power plant location. However, to show
how the cost of delivering energy is affected by a central power
facility feeding an expanding net of users, a series of exasmples of
transmitting energy from a plant bgsed at Chicago Creek to varioua

combinations of towns and villages is ineluded.

Economic Factors

The annual 208t of operating and paying for a transmission line is

expected to be added to the price of the electricity which it
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transfers from one point to another. For preliminary estimating in

this report, the following cost estimates and assumptions are madet

Transmission Lire Investment Costs:

Gravity-stgbilized 3-phase, 138 Rv, (per mile) . . .8 100,000
Submarine cable 3-phase, 138 Kv, (per mile). . » « . 1,500,000
Gravity-stabilized l-phase, 80 Kv. (per mile). . . . 67,000
Substations, 3-phase, 138 Kv, (per Kvade ¢ « « o « & 100
Substations, l1-phase, 80 Kv., (per Ev2)e v « « s o o 200

Assumptions of annualized operational costs ss a percentage of
investment:

Non-profit coeoperative operating utility
1985 dollars, w/electrical needs estimated for 1590

amortization of investment (30 yrs @ 9I interest) . . 9.65%
Insurance and interim replacement8. . o« « o« « « ¢« « o « 0.40%
Reserve for contingencies (20% of amortizatiom) . « « « 1.95%
Operation and maintensance o « ¢ o « o « o o o« o o « o o _2,002

Total Annual Costs 14,007 -

An additional important factor whieh enters into the following
calculations ia the coal to electricity ratio of 6500 Btu per 1d.

w/heat rate of 13,652 Btu/Kwh, or 2.1 lbs./Kwh,

FPigure 12 shows the location of many of Northwest Alaska”s villages
and townms and possible transmission line interties. Table 21 which is
in part derived from Figure 3 in the "Market Demand" chapter can be
referred to in order to obtsin the current and future energy needs of

varioua villages.
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TABLE 21}

Electrical Needs for Kotzebue, the Red Dog Mine,

and Nearby Villages

Location { 1985 } 1990 } 2000 : 2010 f 2020
Kotzebue (1) | l [ [ I
Mwh | 15,000 | 23,000 | 44,000 | 72,000 {150,000
Tons * | 15,690 | 24,060 | 46,030 | 75,330 [156,930
Red Dog Mine (2)] ) | I |
Mwh l110,000 |[110,000 (110,000 {110,000 1110,000
Tons ¥ {115,080 115,080 115,080 115,080 [115,080
Noatak (3) | | ! | |
Mwh | 660 | 790 | - I N
Tong * | 690 | 830 | _— | -—— [ -
Kiana (3) | I ! | |
Mwh I 860 | 1025 | === |  —e= | =--
Tons* ! 900 | 1080 | —-— I
Selawik (3) | | | | !
Mvh | 961 | 1145 | @ —=-= |
Tons® | 1,005 | 1205 | -_— ] ——- ] e=-
Noorvik (3) | J | | |
Mwh ] 1,065 | 1220 | === ] —e= | @ e==
Tonsw [ 1,114 | 1340 | — | ——— ! —
Buckland (4) | | | | |
Mvh | 374 | 455 | ===} ee= ] me-
Tons*® i KY'D 470 | . == | == | ===
Deering (5) ( ! | ( i
Mvh I 374 | 445 | — |  ——= ] ===
Tona* | 391 | 470 | —— | -— I
Teller (2) | | ! ] |
Mwh | 640 | 76 | — | === | e==
-Tons* } 670 | 800 | —= | === ] e
Nome (2) | | ! | ]
Mvh | 20,300 | 28,650 | === | ~=— | -=-
Tona* { 21,315 | 30,080 | — | — [ -—=

(1) Developed from International Engineering Co., 1985

(2) Data from Couminco Sources
(3) Developed from Alaska Power Administration data
(4) pDeveloped from data in Internatinal Engineering Co., 1981
(5) Estimate based om visit by Robert M. Retherford in 1985

* Agsuming 6500 Btu/lb and 257 plant efficiency.

99



Coal Tranmsport ve. Transmission Lines for Rotzebue”s Needs

If the assumption is made that costs for the construction and
operation of a coal-fired power plant would be the same whether
located in Kotzebue or at Chicago Creek, the remaining consideration
vould be to determine whether electricity for the community of
Kotzebue could be delivered at less cost by transmission line or by
barging coal to produce an equivaelent amount of electricity in

Kotzebue,

Uesing the ecomnomic factors of the preceding sectiomn, a simple
comparison can be made of the electrical transmission costs ve. the
cost of barging coal. The transportation study which appears in a
preceding chapter of this report estimates that coal may be delivered
to Kotzebue for $22/ton for 50,000 tons and $l4/ton for 150,000 tone.
For the purposes 0f comparison, these estimates are extended to
include a 24,000 ton case which approximates Kotzebue”s near-term
energy needs for 1990, the beginning of our study period. At 24,000

tones a $36/ton price is estimated for the trameportation cost.

Electricity delivered by wire:

Investments = 122 mi., X $100,000 + 2 substations @
10,000 Rva X $100
o $13,200,00
Annual Costes - 14,002 X 13,200,000 = $1,848,000
Energy Del”d = 23,000,000 Kwh (24,060 tons coal eq.)
Unit Cost ~ $1,848,000 / 23,000,000 = $0.080/Rwh

Electricity with coal delivered by barge:
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Coal Transport = $36/tomn X 24,060 tone = $866,000
Energy Del’d = 23,000,000 Kwh
Unit Cost = $866,000 / 23,100,000 = $0,037/Rwh

Using 48,000,000 Kwh or 50,000 tons of coal equivalent, unit costs

vould be as follows:

Unit Cost by Wire = $1,848,000 / 48,000,000 = $0,039/Kwh
Unit Cost by Barge = $(50,000 X 22) / 48,000,000 = $0.023/KRwh

Even with the higher energy requirement, the cost of delivering
elactricity by wire is nearly double that of delivering the amount of
coal needed to produce the same amount of electricity under the

assumptions used above.

Other benefite, such as less investment and lower operating costs,
vould accrve to the operation of a generating plant im Kotzebue. This

vould argue even more strongly for the location of the plant there.

Example of Variation of Transmission Costgs with Distance and Load

The above analysis forms the justification for this report”s
assumption of barging coal to Kotzebue; however, it overlooks the
ehifts Iin ecomomics as distaences and loads are varied within the
eystem, As an example, it ig useful to conmsider the additional load
of Red Dog amnd how it might affect the relative cost of transmission

of energy from Chicago Creek to Kotzebue and Red Dog. Let us first
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assume a mine-mouth plant at Chicago Creek and a2 tramsmission extended
through Kotzebue to Red Dog. With the additional electrical 1load
added to the Kotzebue requirement, and with the added costes of
investment, operation and maintenance for the transmission system to

Red Dog, the transmission costs of energy are estimated as follows:

Electricity delivered by wvire to Red Dog ==

Investments = 92 mi, X $100,000 + 3 mi. X $1,500,000
+ 1 Substation @ 15,000 Rva X $100
$15,200,000
14,002 X $§15,200,000 = $2,128,000

110,000,000 Kwh

Annnal Costs
Energy Del”’d

Unit Cost $2,128,000 / 110,000,000 = $0,019/Rwh
Plus Kotzebue
Investment = $13,200,000
Additional
Substation
Requirement = $15,000 Rva at Chicago Creek @ $100
= $ 1,500,000

Total delivered by wire to Kotzebue and Red Dog —

Investmenta = §15,200,000 + $13,200,000 + $1,500,000
$29,900,000
14,002 X $29,900,000 = $4,186,000
29,000,000 (Kotz,) + 110,000,000 (RD)
139,000,000 Kwh
$4,186,000 / 139,000,000 = $0.030/Ryh
146 ,000 tons

Apnual Coets
Energy Del’d

Unit Cost
Coal Regq,

Now let ua compare this cost with a coal-fired power plant located in
Kotzebue and energy transmitted to the Red Dog Mine by wire. The

followving unit costs develop:
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Unit cost assuming barge transportation of coal to Kotzebue =~

146,000 tons coal @ $14/tom = §2,044,000 freight
($2,044,000 + $2,128,000) / 139,000,000 = $0,030 Kwh

In this case, the cost of delivering energy by wire as compared to a
combination of wire and barge transport is very close. The comparison
demonstrates that as load grows tranamission costs/Rwh decresse. The
primary reason that transmission costs approach the costs of coal
barging is thet, although a relatively larger quantity of energy is
involved, the cost of transmitting thé energy does not increase
appreciably, whereas the costs of shipping do increase as a larger
tonnvage of coel is moved. Please note, these simple caleculations
disregard a fewv minor factors such as energy losses in tﬁe

transmission system.

Addjitional Effectes of Added Losds through Vgrious Traumsmission Nets

Using the preceding methods for estimating costs, and again assuming a
mine-mouth plant located near Chicago Creek, additional simple
approximations for average transmission costs and coal requirements to

include other interconnactions can be made:
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Chicago Creek-Kotzebue-Red Dog System ( CC-K-RD ) with Nome
snd villages of Teller, Deering, Bucklarnd, Noorvik, Selawik,
Kiana and Nostak —

Averaged Unit Cost = $0,043/Kwh

Coal Requirement = 192,000 tons

CC~K-RD with the villsges of Deering, Buckland, Noorvik,
Selawik, Xiana, and Noatak ogly --

Averaged Unit Cost = $0.035/Kwh

Coal Requirement = 152,000 tone

Chicago Creek-Kotzebue (CC-R) conmection only with villages
of Deering, Buckland, Noorvik, Selawik, and Kiana ~-

Averaged Unit Cost = $0,081/Kwyh

Coal Requirement = 36 ,000 tons

Same connections as preceding example except that
transmiesion costs and coal requirements are calculated by
assuming that Kotzebue pays all charges related to the
transmission line between Chicago Creek and Kotzebue, and
the villages share ell costs related to the lines comnnecting
the villages to the main CC~K intertie only --

Kotz. Uanit Costs = $0.064/Rwh

Coal Requirement = 30,000 toms
Village Unit Costs = $0,179/Kwh
Coal Requirement = 6,000 tons

Comments

1) It is clear that trengmitting electricity for Kotzebue alone by

vire from Chicago Creek is much more expensive than transporting the
coal necessary for generating the same amount of electricity in

Rotzebue.
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2) This exercise has shown that the costs of transmitting energy by
vire approach an economically favorable-level, as increased loads such

as Red Dog ere considered,

3) A trensmission line from Chicago Creek to Kotzebue would zllow the
villages 2long the way to be interconnected at an overall cost though
relatively high would probably still be less thar the "power cost

equalization” subsidy nowv provided by the State of Alaska,
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ESTIMATED COST OF ELECTRICITY

The coal-fired power plant discuesed in an earlier chapter is & single
unit, 10,000 Kw modern steam-turbine powered generating stationm
designed to operate in the particular conditions of the Alaskan Arctic

at Kotzebue.

A plant location near the Kotzebue load center and existing gemerating
plant provides the best opportunity for coordination with existing
facilities and reducing risks from any catastrophic evemt. It is
assumed that operation of the whole power system is by the existing

utility organization,
The following tabulation (Table 22) with explanatory notes provides a

prelimipary estimate of coste which would accrue to the coal-fired

facility under the several alternatives summarized:
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TABLE 22

Projected Energy Costs--Coal-Fired Power Plants ir Kotzebue

Plant Data (Alterpative)

1.
2.
3.
4,
5'
6.
7,

Unit No./Size Kw
New or Rebuilt

Cost Est, ($1,000°s)
Net Mwh Delivered
Heat Rate=-Btu/Kwh
Lbs. Coal per Kwh
Coal Consumed - Tons

Annual Costs ($1,000”s)

8.

9.
10,
11,
12,
13,
14.
15.

Net

Amortization -~ a
- b

Production Expense

Payroll

Fixed Expense

Variable Expense
Fuel Cost (per tom $§)
Fuel Cost (total)
Total Annual Cost

Electrjcity Cosg

16.

17.

Net Mwh Delivered

Cost per Kwh (§):

ROTZEBUE ORNLY

KOT2EBUE & RED DOG

(1)

1/10,000
N
28,301
48,000
13,652
2.1
50,400

2,731
1,823

990

40

20

96

4,838
8,619a
7,711b

48,000

1792
.160b

(3)

1/ 7,500
R
9,750
48,000
15,000
2.3
55,200

941a
628b

900
40
20

5,299

7,200a
6,8871b

48,000

+1502
.143)

(c)

2/10,000
N
54,866
139,000
13,652
2.1
146,000

5,295a
3,533b

1,500
80
58
42
6,132
13,065a
11,303b

139,000

.0%a
.081b

(p)

3/ 7,500
R

28,275
139,000
15,000
2.3
159,850

2,729a
1,821b

1,575

120

58

42

6,714
11,196a
10,288b

139,000

.080a
+074b

(See following page for explanatory notes to this table.)

107



4,

10.

11.
12,
13.
14,
15,
16.
17.

EXPLANATORY NOTES TO TABLE 22

Indicates the number of units in the plant and the unit size in
Kv,
Indicates new (K) or remanufactured (R) units,

Estimated costs are developed as follows!
Rew unit costs are taken from Table 21 of this report.

Remanufactored unit costs are based on the $1,300/RKw
estimate supplied by Mr. Eric Haemer in a letter dated
December 1, 1985 (See Appendix E, open-file report),
For the multiple unit plant of Alternative (D), the
price for the second and third units was taken as 952
of the $1,300/Kw for the single unit.

The Net Mwvh delivered for Alternates (A) and (C) is that of the
projected demand at the average historic growth rate (Figure 3)
for the ymar 1995. This energy requirement will require a coal
tonnage of about 50,000 annuvally.

The heat rates for Alternative (A) and (B) are developed from the
assumption that & 25X efficient coal-fired power plant is
reasonable for modern machinery in Kotzebue, The heat rates for
the remanufactured units is incremsed by 10X to account for older
equipment characteristics.

Uging a heat value of 6,500 Btu/1lb, for the coal from Chicago
Creek and the heat rates of the respective Alternatives gives the
lbs. of coal per Kwh as follows:

13,652 Btu“s are required for each Kwvh produced by the
Alternative plsnts (A) and (B)., 13,652/6,500 = 2.1 1bs.
of coal for each Kwh,

Coal consumed is determined by multiplying Item 4 by 1,000 (to
get Xvh), then multiply by 2.1/2,000 to get tons of coal
required.

Amortization of iovestment is based on 97 interest for a 30-year
period, pasid back in monthly installments for the "a" option.
The "b" option assumes that ST interest for a similar period is
available. The respective annual factors are 9.65% and 6.441.
Production expense is the operating and maintenance costs
estimated for coal-fired power plants in the Arctic.

The value of the man~hours required for the plant operation and
maintenance,

Miscellaneous fixed annual expenses.

Miscellsneous variable annual expenses (supplies, etc.).

Fuel costs takem from Tables 18 snd 19 of the report.

Item 13 times Item 7.

The sum of Items 8, 10, 11, 12, and 14,

Same as Item 4,

Item 15/Item 16.
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The existing diesel-electric generating plant in Kotzebue has reported
pover costs for 1984. Calculation of current diesel electric coste is

as follows?

TABLE 23

Current Diesel Plant Costs

Plant Datg
1. Unit No./Ave. Size Rw 7/950
2. Net Mhw Delivered 14,247
3. Average Net Beat Rate {(Btu/Kwh) 10,600
4, Diesel Fuel (1,000 Gals.) 1,118

Annual Costs (81,0007s)

5. Depreciation and Interest 159
6. Operator Expense (w/o fuel) 668
7. Maintenance Expensge 131
8. Fuel Cost 1,261
9. Total Aorual Cost 2,219

Net Electriecity Cost

10. Net Mwh Delivered 14,247
11. Average Cost per Kwh ($) 0.156

These figures can be used for comparison to the calculated costs for
coal-fired generation in the previous pages. It is clear that, unless
a cheaper source of coal is found, it does not make sense to convert
to a coal plaot on the basiasa of Kotzebue”s electrical energy
requirements alone, However, an intertie to Red Dog would create a

substantial savings in delivered power to both Kotzebue and Red Dog.
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1.

2.

10.

11.

Explanatory Notes to Table 23:

The Kotzebue Electric Association (KEA) Diesel Plant in 1984
included 2-500 Kw, 1-1025 Kv, 1-1000 Kv, a2nd 1-1800 Kw
diesel-electric units, plus 2-900 Kw diesel-fired gas
turbine~electric units.

Actual energy delivered to the KEA electric distribution system
in 1984, :

Calculated from average Btu content of a gellon of diesel fuel
(135,295 Bty) times number of gallons consumed (1,118,000
gallons) then divided by the net Kwh delivered (14,246,800).

Puel consumed during 1984, taken from KEA records.

Taken from KEA records for 1984, This item can be compared
approximately to the asmortization coets of Table 22, Option (b)),
open-£file report.,

Table from REA records and includes operating labor, imsurance,
taxes, and miscellaneous expense,

Taken from KEA records and includes all maintenance expense.

Taken from REA recorde and shows an average cost of about $1.13
per gallon.

Sum of Ytems 5, 6, 7, and 8.
Same as Item 2.

Item 9 divided by Item 10.
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THE PERMITTING PROCESS AND ASSOCIATED ENVIRONMENTAL STUDIES

Becsuse most epplications for permits require full plams of operationm,
including much technical data, bydrologic information, engineering
designs, reclamation plans, and baseline studies--all of which satisfy
the reviewing agencies involved, preparation of applications requires
2 minimum of 1 to 2 years of planning time, Processing of permits
includes publie notices and publie hearings.which can be done
concurrently for various permits. Allowing for possible copntroversial
issuen that would extend permitting schedule, 18 to 24 months of

processing time should be anticipated for receiving all authorizations

to proceed.

Permit Descriptions

Development of the Chicago Creek coal, which could involve a mining
operation, power plant, access road, and port, will require permitting
through various local state and federal agencies. The full permitting
plan would require systemastic coordination and timing of publie

notices and public hearings,

This section provides genmerslized information regarding the types of
authorizations, standards to be met, and baselinme studies that will be
required for the proposed development of the Chicago Creek coal,
Further permite may be required for any special circumstances that may

be encountered, such as historic sites or endangered species.
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Surface Miping

Surface cosl mining programe in Alaska are regulated by the Division
of Mining, Department of Natural Resources, Stste of Alaska.
Regulations found in 11 AAC, Chapter 90 were developed pursuant to the

Alaska Surface Coal Mining Control and Reclamation Act (AS 41.45).

Application for a permit tp mine coal will require environmental
asaessments of all phases of the impacted area, including but not

limited to, the following:

Cultural and Historic Resources
Hydrology

Geology

Ground Water

Surface Water

Alternative Water Supply Information
Climatological Information
Vegetation

Figh and Wildlife Resources
Endangered Species

Soil Resources

Land Use

Minimum standards set out by the Act include, but are not limited to,

the following:

1) Reclamation must occur as contemporsneously as
practicable.,

2) Backfilling and grading must follow coal removal
according to an approved time schedule.
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3) Pinal alopes must not exceed in grade the approximate
pre-mining slopes.

4) Backfill and grading must achieve a minimum static safety
factor of 1.3,

5) A1l acid-forming, toxic-forming or combustible materials
remaining after mining must be covered by 2 minimum of 4%
feet of non-toxic, nmon-combustible materizl.

6) Topsoil must be segregated, stockpiled, and redistributed
upon reclamation.

7) Drill holes must be capped, cased, sealed, or backfilled
to prevent acid or other toxic drainage from entering ground
or surface water, and to minimize disturbance of the
prevailing hydrologic balance.

8) Surface drainage from disturbed areas must be passed
through sedimentation ponds or a treatment facility or
otherwige meet state and federal water quality laws and
regulations.

9) All surface areas must be protected from erosion and a&ir
and water pollution derived from mining operations.

Air Quality

Compliance with the 1970 Clean Air Act vould require an assessment of
exisating air quality in the vicinity of the project sites, =&
pre-~construction ambient air quality monitoring system and preparation
of applications for a "Prevention of Significant Deterioration (PSD)
Permit" and a "Permit to Construct=-Air", regulated by the Alaska

Department of Environmental Conservation.
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Water Quality and Uge

The U.8, Environmental Protection Agency administers the NPDES
‘(National Pollutant Discharge and Elimination System) program under
the authority of the Federal Water Pollution Contrel Act,-;l amended
by the Clean Water Act of 1977, Under this program, EPA regulates

point source discharges into a waterway.

The Alaska Department of Environmental Conservation must authorize the
discharge of wastewater into or upon all waters or land surface of the

etate,

A water rights permit is required for use of public water and is

authorized by the Alaska Department of Natural Resources.

The Corps of Enginears administers regulations of work such as
construction of structures, excavation or £ill in "navigable waters of

the Upited States” under Sectiom 10 of the Rivers and Hardbors Act.
The Corps of Engineers also regulates, under Section 404 of the Clean

Water Act, the discharge of dredged or £1ill material into U.8. waters,

including wetlands.
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Solid Waste

DEC administers solid waste disposal permits for propoeed methods of

operation of a facility to dispose of solid wasate.

Fish snd Wildlife

The Alaska Department of Fish and Game must approve any proposal to
alter the natural stream flow or bed, or usge of equipment in rivers,

lakes, or streams considered to be important for snadromous fiah.

Dam Structure

The Department of Natural Resocurces (DNR) must approve comstruction of
any dam structure over 10 feet high or that impounds over 5 acre-feet

of water,

Tidelands Upe

DRR issues temporary permits and permanent tidelands leases for
structures or uses of tidelands. A tidelands lease for a permanent

structure would be issued under a competitive bid.
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Coastsl Zong

The Governor’s Office of Management and Budget coordinates permitting,
public notices, public hearings, and agency review for authorization
required by the Alaskan Coastal Zone Management Plan. The proposed
plan must be consistent with the State Coastal Zone Management Plan,
At thie time, there ie no approved local coastal zone plan for the

AYrea.,

Native Authorizations

A permit to operate and to develop the coal must be acquired from the

NANRA Regional Corporation,

Eoviropmental Observations of the Project Area

No specifie environmeuntal baseline studies have been crrried out in
the Chicago Creek area; however, regional studies by the State Divison
of Fish & Game contain some relevant data on fish habitat, migratory
birds, and populations of large mammals. Regional and village native
corporations, in conjunction with the University of Alaska“s game
management specirlists, maintain data files on the many loecal reindeer
herds., In the Kotzebue area, historic data and current informatiom omn
climatic conditioms, air and water quality, ground water, and other

conditions will help decrease the amount of baseline study necessary.
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Several observations on the general ecology of the Chicago Creek area

vere made by project geologistst

Animalg

1) Pish: According to Deering villagers, salmon do not migrate up
the Kugruk much beyond its mouth, Grayling, Whitefish, and Dolly
Varden are present in the Kugruk. (See MaclLean & Delaney, 1978).
No fish were seen or reported in Chicago Creek itself,

2) Birdlife: Birdlife is prolific im the area. Waterfowl
observed included Canadian geese, trumpeter swane, sandhill
cranes, mallard and pintail ducks, and Arectiec loomns,

3) Small Mammals: Observed were red backed voles, ground
squirrels, and fox. Local residents reported porcupine, land
otter, beaver, and wolverine,

4) Large Mammals: Observed were moose, brown or grizzly bear, and
caribou., Most of the "caribou' sightings were probably local
reindeer herds.

Plants

The landscape in the Chicago Creek area is characterized by a
treeless rolling tundra. Willow and alder grow salong the stream
courses only ocecasionally reaching 10 feet in height. The tundra
blanket of sphagnum moses, dwarf willow, etc. is a very effective
insulator, normally allowing seesonal thaw depths of only 2 to
2 1/2 feet, When this blanket is disturbed, thawing advances
rapidly and cam cause eromsion.

Potential Enviropmental Impacts

The most likely Bignificant envirommental impacts of a coal wmine and

pover plaunt would probably arise from:

117



1) Adir contsminants from the power plant: Possible solutions
include use of a fluidized bed boiler design which could
effectively decrease sulfur levels in the powerhouse stack as well
as burn the coals more efficiently., Agh can be controlled using
standard electrostatic precipitators and/or a baghouse.

2) Water quality at Chicago Creek: Diversion of Chicago Creek
will be necessary to avoid pit water problems, The diversion will
need to be designed to avoid discharges from the mine,

3) E ional effects arisjop from distugrbance of tundrg: A good
understanding of the sensitive nature of the tundra to mechanical
and/or thermal disturbance will allow roads and structures to be
placed without significant erosion,

4) Ipcrease in extra curricular human activities in the mine site
areg: Regulation and monitoring of such activities will be
necessary.
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RECOMMENDATIONS

The projected delivered costs of power to Kotzebue and the Kotzebue
area for coal are sufficiently asttractive that more definitive
feasibility study is justified. Such a study should include an onsite
geotechnical study, mining of a bulk sample to help resolve
equilibrium moisture questions and allow a better determination of

coal-burning characteriastics, and an air quality survey in Kotzebue.

Early in this investigation, we opted for conventional steam boiler
construction rather than a fluid bed reactor., Fluid bed reactor
technology is, however, developing rapidly, and improvements are being
made in operationm and maintenance ag well as initial desigmn
confignration of unite, Based on this rapid development, a definitive
feaBibility should include fluid bed a2s well gsa new and remgnufactured
conventional boilers. The choice of conventional vs. fluid bed units
should be made in conjunction with site air quality information.
Chicago Creek lignite contains much less sulfur then mid-continent
coal, but has 8 higher content of sulfur thanm most Alaska
subbituminous coal. The use of fluid bed technology has theoretical
advantages over conventional boilers in both S02 and NOx that deserve

examination,
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Other important future work should include:

1) Comparative economic studies should be made with other

coals, both inside and outside Alaska,

2) Low interest financing options available to government

entities should be reviewed as well as leversged tax~driven

private finarcing,

3) Last, but perhaps most important, once the above studies
are completed, a Northwest Alaska regional power stundy
should weigh the benefits of siting a generation facility inm
Kotzebue as opposed to other areas and should comsider in
more detail the various transmission intertie options and

their benefits.
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I,

II.

I11,

CONVERSION FACTORS

Weight /Density .
1 1b, = 2,205 gr, = 2.2 Kg.

1 £e3 (Chicago Creek coal) = 80 1bs. (approx.) or
a density of 1.28 gr./cm3

1 y63 (Chicago Creek coal) = 2,160 1bs, = 1,08 short
tona

Yolume /Area

1 m3=35,31 ft3=0,76 yd3
] m2=1,196 yd2

Energy Equivalents

2.1 1bs. Chicago Creek coal (@ 6,500 Btu/lb,) =
! Rwh @ 25% plant efficiency

1.8 1bs. Chicago Creek coal (@ 7,500 Btu/1b,) =
1 Rwh @ 257 plant efficiency

0.1 gal. (0.6 1lbs,) diesel fuel (=2=137,000 Btu/gal) =
1 Rwh @ 252 plant efficiency
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APPENDIX A

Electrical and Space Heating Demand Tables



TABLE A-1

Coal Required for Electrical Generaticn
(Rotzebue and Surrounding Villages *)

1 2
1983 19,667
1988 22,091
1993 24,847
1998 27,988
2000 11,245
2003 31,566
2008 35,647
2013 40,311

1. Damee and Moore, 1981.

2., Arctic Slope Engineers, 1982

* Includes KRotzebue, Buckland, Deering, Kiama, Noorvik, and Selawik

TABLE A-2

Coal Required for Direct Heat ¥
(Rotzebue)

1983 16,905

2000 20,343

1, Dames and Moore, 1981.

2, Arctic Slope Engineers, 1984,

* TIncludes cooking and hot-water energy demands.




TABLE A=)}

)

Coal Required for Direct Heat ¥
(Rotzebue and Surrounding Villages *v)

1 2
1983 24,247
1988 27,238
1993 30,642
1998 24,518
2000 26,492
2003 38,935
2008 43,975
2013 49,732

1. Dames gnd Moore, 1981.

2. Arctic Slope Engineers, 1984,

* TIncludes cooking and hot-water energy demands.
** Includes Kot2ebue, Buckland, Deering, Riana, Noorvik, and Selawik




APPENDIX B

Supplementary Graphic Drill Log Sections
{(Section Lines Shown on Plate 1)

EXPLANATION

te.-|" Coal bearing sediments

Coal

%’;//2 Green and gray schist

Gray to black schist
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APPENDIX C

Core Summary and 1985 Proximate Analyses



SUMMARY OF 1985 CHICAGO CREER CORING PROGRAM

| |- R B B | : } | ) APPROX.
{ ) l~-." [ IR Il | DRILLED | | SAMPLED | ADDIN.
|ROTARY) - IRUN IRON |RECOVERY! INTERVAL | { IMTERVAL | ROTARY .
HOLB{ $ { DATE ! I'FBE'I“I (feet) I (feet) {SAMPLE{ (feet) | (feet)
: |
T~ 1 Tr.0f| ‘-19-951 11 7.0¢ 2,80 21,0~ 84,51 1~ 83| 83.5- 84,5 £3.0
M I 3-85) 6-26-851 1 | 9.0l 4,001 38,0~ 43.0) 2- 421 42.0- 43,01 40,0
2c | 3-85] 6=-27-851 2 | 4.0! 4.000 48,0~ 52.0| 2~ 49| 48,7- 49,7! .
2C | 3-85] 6-27-851 3 | 4,51 4,500 52.0- 56.01 2- 52| 52,0- 56.5!
2¢ { 3-85! 6-27-851 4 | 1.0l .25! 56.5- 57.51 { |
2C | 3-85| 6~27-85)1 5 | 4,81 4,301 57.5- 62.3) 2~ 58| S57.5- 62.01
2C | 3-85[ §-28-851 6 [ 3.0! 2.801 63.0- 66.01 2- 63| 63,0- 66,01
2C | 3-851 6=-28-851 7 110.01 5.001 66.0- 76.01 2- 671 68,5= 71,01
2c | 3-85! 6-28-851 8 | 4.0| 4,00! 76.0- 80.0! 2~ 761 76.0~- 80.0|
3C | 6~851 7- 3-85¢f 1 110.01 4,501 23,5= 33.51 | | 23,5
3C | 6-85| 7= 3=851 2 | A.,51 4,50t 33,5- 36.01 | |
6C | 6E-851 7- 3-85¢1 1 { 3.0l 3.001 95.,0- ¢8,016C~- 95} 95,0~ 98,01
6C | AE-851 7= 3=851 2 | 3.0l 3,001102.0-105.016C-1021102.0-105,0!
6C2) 6=-85{ 7- 3-85] 1 [10.01 €.00] 68,0~ 78.01 6—~ 6B] 6R.0~ 74,01 68,0
6C2! 6E-851 7- 3-851 2 | 7.01 6,001 78,0- 85.01 6- 801 80.0~ 82.0I
6C2| 6E~-B85] 7= 3-851 3 | 1.0l .251 85,.7- B6.51 6~ B2] B82.0- R4, 5|
6C21 6E-B851 7~ 3-851 4 | 6.01I 6.001 86.5- 92.51 6~ 87| 86.5- B9,5!
I | o [ | ! t . | 89,5~ 02,5}
ARC2)] EB=£51 7= 3=85] S5 | 2.01I 2,001 92.5~ 94,51 6= 931 92,5 94.,5!
6C2) 6F-AS] 7- 3-851 6 | A.0! 3,50 @4,5- 98.5] 6~ 95] 94,5~ 26,5!
] ! ] ] ] ] | 6= 971 96,5~ 98.51
4C | 23-p51 7- 2-851 1 | 5.0{ 5.00! 60.0- 65.0t 4~ 601 60.0- K5,01
A4C | 23-8B51 7- A=851 2 | 3,21 2,401 65.0- 68.2] 4- 65! 65.0~ 68,0!
4C | 23-0851 7- 9-8S[ 3 | 4,01 A4,00] 68.0- 72,01 4~ 68! 68,0~ 72.01 60.0
5C | 30-85) 7~ 9-851 1 | 5.0! 3,001 35.0- 40.0! 5- 361 35,5~ 38,01
5C | 30-851 7= 9=-85] 2 1| S5.01 5.001 240.0- 45.0] 5« 40! 41.0- 45,01
5C t 30-851 7- 9=-85]1 3 | 5.01 4,30} 45.0- 50.01 5~ 461 45,5~ 50.01
5C | 30-85] 7- 9-851 4 | 8.01I 7.201100.0-108.0! 5-1001100.0-106,0!
SC | 30-85]1 7- 9=851 5 | 4.01 3,701108.0-112.01 5-1081106.0-112.0!
5C { 30-851 7- 9-851 &6 | 8,01 5.001130,0-138.0! 5-1301130,0-138,01
7C | 34-851 7- 9=85}1 1 } 7.01 5.00] 23.0- 30.01 7- 23! 24,0~ 28.0!
7C | 34-p5) 7- 8-851 2 | 6.01 4,001 3)Y.,0- 37.01 7—- 321 31,0- 35,01 23.0
7C } 34-851 7-10-851 3 1| 7,51 4,001 80,0- 87.51 7—- 80} 80.0~ 84,0} 31.0
7C | 34-85| 7-10-851 4 (10.0| 7.001 25,0-105.01 7~ 951 95.,0-102.0| rO.0 .
gC | 21-AS! 7=10-851 1 110.01 3.50! 15.0- 25.0! @~ 15| 15.0- 25.0]
8C | 21-851 7-10-851 2 | 3,01 2.80! 70.0- 73.0] 8~ 70! 70,0~ 73.01 70.0
ec 1 21-851 7-10-851 3 | 3.0! 2.50} 73.0- 76.0) 8~ 751 73.0- 76.01
aC | 21-8sI 7-10-85! 4 | 9,5I 3.001 75.0~ 84,51 . | 75.0- 78.01
gCc | 21-851 7-11-851 S5 (| 7.01 6.00) 0.0~ 97.0( 8- 901 90.,0- 92.5! a0.0
gc | 21-85] 7-11-851 6 | 8,51 6,50[115.0-123,51 1115,0-121,51 115.0
oc | 17-85] 7-11-851 1 |10.01 2.80! 37.5~ 47.51 9~ 381 37.5~ 47.51 37.0
oC | 17-85(1 7-11-851 2 (10.0l 4,50§130.0-140.01 9-1301130.0-240,01 130.0
aC } 17—85} 7—11—85: 3 :10.0[ 2.50! 37.5- 40,5 9~ 40! 37.5- 40.0! 37.0
—_— l ] l | |
10 229.5 157.80 919.0
Roles Feet Fest Feet




* FRN

HEAT ING

SANPLE MOIBTURE VOLATILE FIUXED ASH VALUE TOTAL
NUMBRERS BAS18e X MATTER, %X CARBON,X z BTU/LB SULFUR
1-83 1 33. 47 29.46 30.99 4,20 749%. 0.94&
2 435,79 47.38 b. 66 11637. 0.848

3 49.06 50.94 12468, 0.92

2-42 1 37.94 26.36 32,67 3.03 7479, 0.463
2 42.48 S2.464 4.68 11348, 1.06

3 44.66 535,34 12162, 1.113

2-49 1 36.42 24.44 23.69% 13.08 zB19. 0.33
2 z8.83 40.33 20.44 91682, 0.86

3 48.93 51.07 14870. 1.09

2-52 1 43.95 24.3% 27.83 3.681 6388, 0.59
2 43.52 49,468 &.7% 11391. 1,03

3 44.469 53.31 12222, 1.12

2-38 1 38.53 27.34 31.09 3.02 7184. 0.72
2 44.4% 90.359 4.92 114691, .18

3 £6.79 53.21 12297. 1.24

=43 1 40.05 26.59 28.62 4.74 4633, 0.66
2 44,33 47.78 7.90 11098, 1.10

S 48.16 S1.84 12050, 1.49

2-47 1 -8.33 26.98 32.04 2.48 7224, 0.33
2 43.90 52.07 4.03 11732. 0.86

3 435.74 Sk.26 12246. 0.89

2-74 1 40,57 25.79 29.04 4,60 6877. 0.50
2 43.39 4a.87 7.74 11371. 0.83

3 47.03 52.97 12542, 0.90

4-40 1 40.17 24,33 29.546 3.73 4914, 0.3%4
2 44.37 49,40 6.23 11357, C.9¢

3 47.32 52,68 12323, 0.%97

4-65 1 37.97 26.30 31.63 4.40 7134. 0.58
2 42,41 50.99 6.60 11501, 0.94

3 A%, 40 S54.6460 12315, 1.00

#1-AS RECEIVED oo
2-MOISTURE FREE

3I-MDRISTURE AND ASH FREE
ALL SAMPLES CONTAIN A SIGNIFICANT AMOUNT OF SURFACE
MOISTURE. TRUE BED MOISTURE IS EXPECTED TO BE LESS
EQUILIBRIUM MDISTURES HAVE REEN OONE
FOR A FEW SAMPLES TO IND!CATE THE EXTENT OF MOISTURE
CONTAMINATION IN THE SAMFLES.

THAN THIS VALUE.

e e e e o e e e e . e




* FRN

»1~A8 RECEIVED oe
2-MOIETURE FREE

3-MOISTURE AND ASH FREE
saALL SAMFLES CONTAIN A SIGNIFICANT AMOUNT OF SURFACE

MOISTURE.

HEATINB
SAMPLEY MOSIBTURE VOLATILE FIXED ASH VALUE T07AL
RUMRERs BAS1Se % MATTER,X CARBON,X 3 BYU/LB SULFUR
4-68 1 24.70 26.07 21,02 2B.2% o462, 1.04
2 34,462 27.92 3I7.44 7234, 1.389
3 35.33 44.63 11400, 2,20
5-36 1 22.90 17.70 15.76 43.463 4146, 0.34
2 22.98 20.485 Z6.39 ZA03. 0.43
h ) 22.%0 47.10 12447, 1.00
5—-40 1 34.68 29.44 18.72 14.76 S648. 0.42
2 ’ 4%8.51 28.7% 23.74 8673. 0.63
3 54,29 38.71 11680. 0,87
Z-46 1 qr.43 23.49 29.32 3.16 &712, 0.33
2 a4.0¢ Z0.38 J.41 11300, ©. 90
3 446.32 =3.48 121357, 0.93
Z-100 1 39.846 24.41 29.15 6.38 L4011 . 0.46
2 30.92 48.47 10.60 10976, 1.10
3 45.78 34.22 12278. 1.23
Z-108 1 41.07 24.56 29.93 4.44 baB82. 0, A0
2 41 .48 50,79 7.33 11339, 1.02
3 4%,07 %4.93 122563, 1.10
5-130 1 40.91 24.34 29.84 4.46%9 bL&6LT7. 0.49
2 41.352 Z0.54 7.94 1119@a. 0.83
3 45.10 Z4.90 12164, 0.%90
&-68 t 36.46 28.44 30.930 4.48 7138, Q.38
2 44.4A 4B8.13 7.40 {1270. 0.92
3 48.018 J1.99 12170. 0.99
4-80 1 37.74 24.01 18.99 17.06 =245, 0.68
2 41.91 30.60 27.49 BaSy1. 1.09
3 57.80 42.20 114655, 1.51
&-82 1 40.463 26.08 29.50 3.3% 6272, 0. 44
2 43.93 50.33 3.72 11575, 1.08
3 44.Z9 S3.41 12277. 1.14

TRUE BED MOISTURE 1S EXPECTED TO BE LESB

THAN THIS VALUE. EDUILIERIUM MOISTUREBE HAVE BEEN DONE
FOR A FEW SAMPLES TO INDICATE THE EXTENT OF MDISTURE
CONTAMINATION IN THE SAMPLES.



* FRN

$IERT ING

SAMPLE MOISTURE VOLATILE FIXED ASH VALUE TOTAL
NUMBERe RABISe X MATTER,X CARBON,X % BTU/LB SULFUR
4-87 1 39.38 2=.39 26.73 9.53 6269. 0,72
2 41.86 44.07 14,06 10337, 1.49

3 48.714 51.29 12028, 1.38

6-93 1 40.03 25.81 27,18 4.99 5474, 0.93
2 43.06 45,28 11.46 10799, 1.%8

3 40,74 51,24 12224, 1,79

6-93 1 37.22 27.57 30.15  4.7s 7022. 1.11
2 44,12 48,26 7.41 11239, 1.77

03 a7.74 52.24 12165, 1,92

&=97 i 32.946 24.48 . 20.43 22.1% 4043, s.28
2 34,32 30.30 32.98 7254, 7.87

3 S54.49 43.31 10824. 11.74

7-23 1 39.62 26.33 8.8 8,37 6577, 0. 6%
2 43.28 47.83 B8.8% 10893, 1.07

3 47.%0 52.% 119%6. 1.18

7-32 1 42.48 25.60 Z9.14 2.78 6741, 0. &4
2 4a.% S50.46 4.83 11719. 1.12

3 46.77 535.23 12313, 1.17

7-80 1 43.26 22.88 27.16 &.70 6135, 0.99
2 40.32 47.86 1{.82 10012, 1.74

X 435,73 54,27 12261, 1.90

7=-93 i 42.465 20.02 2t.9e 15.3S5 4902. 1.78
2 J34.91 X8.33 24.77 8%48. 3.10

3 47.47 52.33 11672, 4,23

7-102 1 40.352 21.49 22.46 15,53 Z414. 1.23
2 35,13 37.76 24.10 2102, 2.4}

3 48,90 S1.10 12317, 2.83

a-13 1 39.30 24,70 32.11 3.88 &903. 0,52
2 40.70 22.90 &, 40 11374, 0.84

3 43.48 24,52 12154, 0.91

a{~AS RECEIVED »a&

2-MOISTURE FREE

3-MOISTURE AND ASH FREE

ssALL SAMPLES CONTAIN A SIGNIFICANT AMOUNT OF SURFACE
MOISTURE. TRUE EFED MOISTURE [9 EXFECTED TGO BE LESS
THAN THIS VALUE. EOUILIBRIUM MOISTURES RAVE BEEN DONE
FOR A FEW SAMFLES TO INDICAYE THE EXTENT OF MDISTURE
CONTAMINATION IN YHE SAMFLES.



* FRN

(AT IHG
SAMFLE MOLSTURE VOLATILE FIXED ABN  VALUE TO1AL
NUMBERe BAS1Se % MATTER,% CARBON,X % BTU/LB  SULFUR
g-70 1 42.19 24.83 29.26 3.70 66%9.  0.89
2 42.99 £0.61 4.40  11349. 1,47
3 4%.93 54.07 12306, 1.57
B~75 1 40.72 20.13 23.19 15.94 5175, 0.70
2 33.96 39.41 26.93 e730. 1.18
3 4a.47 53.53 11947, 1,61
8-90 1 41.86 23.20 28.00 6.64 6414, 1,23
2 40.43 48.16 11.42 11032. 2.11
3 as.43 ©4.37 12455, 2.38
9-38 Y 30.54 27.06 ., 30.67 3.73 6944, 0.48
2 ’ 44.03 49,90 4,07 11298, 0.79
3 26.@7 53,43 12029. 0.8
9~40 t 3B.50 27.44 31,21  2.464 7044, 0.32
2 44,64 50.74 4,43 11490. 6.52
3 46.80 £3.20 12046. 6.5
9-130 1 40.41 25.16 30,71 3.71 6812, O, %4
2 42,23 S1.54  4.23 1143]. 0.74
3 43.03 54.97 12190. 0.79
DN 17 1 43.05 23,95 27.86 5.13 4372, 0.64
2 42.04 48.92 9.02 11189. 1.12
3 46.23 £3.77 12298. 1.23
DH & 1 4a.24 22.59 24.59 4a.38 =584. 0.49
2 40.52 44,10 13.39 $0018. 0.e8
3 47.88 52.12 11840. 1.04
DH 3 ' 37.12 26.37 31.40 B.04 7011. 0.54
2 41.97 49.97 B.04 11159, 0.88
3 45.8% £4.35 1213a. 0.93

#1-A8 RECEIVED ow
2~-MOIBTURE FREE
3I-MOISTURE AMD ASH FRZE

seALL SAMPLES CONTAIN A SIGNIFICANT AMOUNRT OF SURFACE
MOISTURE. TRUE BED MODISTURE 1S EXPECTED 7O BE LESS
THAN THIS VALUE. ERQUILIBRIUM MO1STURES HAVE EEEN DONE
FOR A FEW SAMPLES TO INDICATE THE EXTENT OF MOISTURE
CONTAMINATION IN TRE SAMFLES.



* FRN

HEAT ING

SAMPLE MOISTURE WVOLAYILE FIXED RSH VALUE TDTAL
NUMBERS PABIEe % MATTER,Z CARBON,Z % BTU/LB SULFUR
S5-40 1 34,88 29.64 18.72 14.74 3448, 0.42
2 26.73 33.33 21.06 18.86 6333 0.47

3 43.32 28.73 23.74 8673. 0.64

4 61.29 368.71 11679. 0.a7

5-46 1 41.63 23. 49 29.52 3.6 &712, 0.33
2 29.31% 31.02 33,63 3.82 8106 0. 64

3 44,01 30.37 S.41 11459, 0.91

4 454.53 =3.47 12157, 0.94

7-32 b 42.48 25.40 29.14 2.78 a741. 0. 564
2 27.87 32,10 36.328 3.49 8433%. 0.80

3 44,54 £0. 64 4.83 11789, 1.11

4 46,77 33.23 {2313, 1.47

7-~-B0O t a3. 264 22.88 27.14 &.70 6135, 0.99
2 30.32 28.10 33.35 2.23 7334. 1.22

3 40.32 47.67 .81 10812, 1.74

4 43.72 54.280 12240, 1.98

8-70 t 42.19 24.83 29.26 3.70 b£4659, 0.83
2 29,74 30.20 I5.54 4.30 8093, 1.03

3 42.99 50. 44 &.40 11519, 1.47

4 45,92 S4.08 12306, 1.37

—_— ————— e

a1-AS RECEIVED MOISTURE
2-EQUILIBRIUM RED MOISTURE
S-MOISTURE FREE
4-MOISTURE AND ASH FREE



APPENDIX D

Volume Calculations for an Open Pit
Mine at Chicago Creek



1A

Loess (OB):

Access Ramp

Rock:

Total Strip:

Ratio:

* NOTE:

e

Loess (OB):

Rock:

Total Strip:

Ratio:

APPENDIX D

Stripping Calculation Worksheet

TW = True Width
DD = Dip Depth
L = Length

560° (W) X 15° (D) X 840 (L) = 7,056,000 FT3 =
261,333 yp3

27 =

30 YD

(135 X 260) + (260 X 265) X 800 = 41,600,000 P13
2 2
£ 27 = 1,540,740 YD3

Loess (261,333) + Access (30,000) + Roeck (1,540,740 =
1,832,073 yp3

1,832,073 / 400,000 = 4,6;1

Access, ramp, excavation requiremente are all included here

although it passes through IB and IIA as well,

560 (W) X 15 (D) X 700 (L) = 5,880,000 FPT3 = 27 =
217,778 Yp3

(135 X 260) + (260 X 265) X 700° = 36,400,000 Fr3
2 2
+ 27 = 1,348,148 YD3

Loess (217,778) + Rock (1,348,148) =
1,565,926 YD3

1,565,926 / 910,364 = 1,72:1



114

Loess (0B): 510 (W) X 25° (D) X 650 (L) = 8,287,500 PT3 % 27 =
306,944 YD3
Rock! (190 X 170) + (190 X 130) X 650° = 18,525,000 P13
2 2
+ 27 = 686,111 Yp3
Total Strip: Loess (306,944) + Rock (686,111) =
993,055 YD3
Ratiot 993,055 / 609,700 = 1,6:1
ITIB
Loess (OB): 320 (W) X 25° (D) X 730 (L) = 5,840,000 PT3 < 27 =
216,296 Yp3
Roek!: (185 X 80) + (185 X 105) X 730° = 12,492,125 r13
2 2

27 = 462,671 YD3

Total Strip: Loess (216,296) + Rock (462,671) =
678,967 YD3

Ratio: 678,967 / 193,596 = 3,5:1
117
Loess (O0B): 320 (W) X 25° (D) X B840 (L) = 6,720,000 PT3 =+ 27 =
248,888 YD3
Rock: (185 X 80) + (185 X 105) X 840“ = 14,374,080 PT3
2 2

L 27 = 532,373 Yp3

Total Strip: Loess (248,888) + Bock (532,373) =
781,261 ¥YD3

Ratio: 781,261 / 117,936 = 6,6:1



APPENDIX E

Remanufactured Power Plants
(Haemer /Rockware Letter)



ERICJ. HAEMER, P.E,

CONSULTING ENGINEERING SERVICES
12800 HUFFMAN CIRCLE
ANCHORAGE, ALASKA 99518
(907) 346-6201

December 1, 1985

Hawley Resource Group, Inc.
7011 014 Seward Highway
Anchorage, Alaska 99502

Attention: Rob Rutherford
Subject: Kotzebue Power Plant Application
Dear Rob,

Regarding our discussions of November 14, 1985, I transmitted the
necessary data to Rockware International and requested that they
develop some budject pricing specifically for the above referenced
application. Attached is their response which I have reviewed in
detail. Based upon my Alaska experience I concur with their
estimate of installed costs for the plant. I feel the range is
sufficiently broad to cover the wage differential for Alaskan
labor at a remote site installation. The estimated costs would
also cover all reasonable site development work, but, of course
would not cover any extraordinary site conditions which would have
to be priced separately.

Also, please find attached a representative equipment inventory
which includes a variety of additional equipment sizes. Based
upon the final criteria developed for the plant an equipment
selection more closely meeting the lcad requirements may be
possible. Rockware International would be pleased to make a
formal guotation once the specific criteria is developed for the
application, a site is selected and representative fuel samples
are available for testing.

I believe that the letter satisfactorily details the advantages of
remanufactured equipment. Based upon the cost, delivery and
installation schedules, warranty and the variety of selection of
components the rate of return on investment and payback periods 1is
almost always superior to new equipment purchases. In addition,
the equipment sizing generally required by many Alaskan
applications is simply unavailable from today's manufacturers due
to the economy of scale which has been generally adopted by the
U.S. utility industry.



-

If you require any additional information or clarification on any
of the above material, please contact me.

Very truly yours,

Eric J. Haemer
Professional Engineer

EJH/kecb
Enclosture

cc: William Ware, Jr.
Robert Goldberg



ORI’ORATION

ROCKWARE I@m&ﬁj\

6400 8 SOUTH EASTERN AVENUE P.0. BOX 86833 OKLAHOMA CITY, OKLAHOMA 73143 (406) 870-6686

November 21, 1985 .

Mr. Eric J. Haemer, P.E.
12800 Huffman Circle
Aonchorage, Alaska 99516

Dear Mr, Haemar:

Rockware International welcomes the opportumity to provide complete turnkey
power plants and related equipment on a remanufactured and guaranteed baais to
the State of Alagka.

To give you additional background on our organization, Rockware sepecializes in
the remanufacturing and construction of fossi)l fuel and biomass power plants
utilizing existing equipment located throughout the United Statea, Canada and
Europe. As you will see from the enclosed inventory printout, we have a large
selection of condensing and non-condensing turbine gemerators from 300 to
100,000 KW, diesel and dual fuel generators to 6,000 XW, natural gas turbine
generators to 30,000 KW, and boilers from 250 HP to 700,000 PPH with &steam
presaures raanging to 1500 PSIG.

Unlike used equipment dealers, we prefer to deliver our equipment on a
remanufactured bagis, rather than "as is". All remanufactured itema are
completely disassembled, each piece inspected, rebuilt or replaced, and
upgraded with new technology before the unit is reassembled. All of our work
is in full compliance with A.S.M.E. Boiler and Pressure Vessel Code. For your

general information, Rockware holds the following A.S.M.E. Cartifications:

- Manufacture of New Steam Boilers

Aasembly of Field Erect and Package Boilers, No Size Limit
- Manufacture of Unfired Pressure Veesels

P - Manufacture of Pressure Piping

WP o
'

We also hold the National Board R Stamp for Repairs.

All of our remanufactured items have new equipment type warranties, comparable
to Westinghouse, General Electrie and others. The length of the warraaty
varies with each type of equipment supplied. Major components typically have a
one year guarantee for any defects in materials or workmanahip.



{'OMIOXATION

November 21, 1985
Mr. Eric J. Haemer
Page 2

Whenever possible, Rockware purchases generating plants as a complete system to
minimize re-engineering expense, and reduce the overall turnkey price of the
power plant to the purchaser. As an example, we recently purchased a 7500 KW
municipal power plant in the central United States for relocation. Nearly all
of the facility can be reutilized, including the fully insulated metel
building, stack and atructural steel. Additional major componenta includa:

1 - G.E. 7500 KW, 3600 RPM, 600 PSI @ 825°F, Condensing Turbine Generator.
1 - Allis Chalmers 9,000 Sq. Fr. 2 Pass Coundenser.

1 - Babeock Wilcox, 100,000 #/Hr Type FT1-21-15/12LE-48 Boiler. 650 PSIG @
835°F natural gas with number 2 oil standby. Convertable to pulverized
coal.

1 - Bturtevant 50 HP Forced Draft Fan,

1 - Sturtevant 100 HP Induced Draft Fanm.

2 - Byron Jackson 200 HP, 8 Stage Boiler Feed Pumps.

1 - Davis “Paracoil" Evaporator.

1 -~ Hoppes 120,000 #/Hr Feedwater Heater.

1 - Marley Cooling Tower, Model 2024A5, 2 cell double flow.
2 - Peerlens 100 HP Circulative Water Pumps.

2 - Allis Chalmeys Condensate Pumps.

In addition to the equipment itaself, the original performance apecifications,
blueprints, operating manuals and supplier literature are usmed to re-engimeer
the plant to meet the specifications of the new application.

A pulverized coal fired, 7500 KW municipal power plant of this type has a
replacement value of approximately $1500 to $2000 per KW installed in the
central United States. Rockware International can provide a comparable
facility on a turnkey basia, remanufactured and guaranteed, at am approximate
price of §975 to $1300 per KW, depending upon local Bite conditions and labor
rates. Suitable pollution control equipment would be inecluded. Rockware hasz
other fomeil fuel fired power plante available on & similar basis up to a total
plant capacity of 350,000 KW.



T T
ROCKWARE "

30K POR ATION

November 21, 1983
Mr. Eric J. Haemeg
Page 3

In effect, Bockware can save the purchaser 30 to 40 percent by utilizing

" remsnufactured compouents, yet still provide warranties comparable to the
original manufacturers. Frequently, we can also have our boilers, generators
and related pollution control equipment systems installed and in full operation
in less than half the time of new equipment. This provides a highly favorable
rate of returnmn on investment and payback period that canmot be matched by new
equipment suppliers.

We look forward to taking an active role in the expansion of Alaska's wmunicipal
and industrial power genmerating capacity.

Sincerely,

ROCKWARE INTERNATIONAL CORPORATION

ohn B, Sheltom, Jr.
Sales Manager

JBS/daw

Enclosure



BOYLERS

ROCKWARE 1NTERNATIONAL CORPORATION
OKLAHOMA CITY, OKLAEOHKA

- MAJOR COMPONENTS 1IRVENTORY
November, 1985

FIELD ERECTED

630,000
450,000
400,000
350,000
300,000
300,000
GAS/OIL
300,000
300,000
290,000
250,000
210,000
207,000
200,000
200,000
200,000
200,000
200,000
200,000
190,000
165,000
150,000
150,000
150,000
130,000
125,000
125,000
120,000

PPH,
PPH,
PPH,
PPH,
PPH,
PPH,

PPH,
PPH,
PPH,
PPH,
PPH,
PPH,
PPH,
PFH,
PPH,
PPH,
PPH,
PPH,
PPH,
PPR,
PPH,
PPH,
PFH,
PPH,
PPH,
PPH,
PPH,

(2 AVAIL)

100,000
100,000
100,000
95,000
80,000
70,000
60,000
35,000

PPH,

PPH,

PPH,
PPH,
PPH,
PPH,
PPH,
PPH,

PACKAGE

200,000 PPH,
167,000 PPH, 775 PS1/730° F, RILEY, GAS (5 AVAIL)

1500 PS1/1000° ¥, RILEY, PULVERIZED COAL
775 PSI/775° F, B & W, PULVERIZED COAL
1500 PSI/955° F, B & W, PULVERIZED COAL (2 AVAIL)
920 PS1/905° P, C.E., PULVERIZED COAL/GAS/OIL
1000 PS1/900° F, B & W, GAS/OIL

750 PSI/650° F, B & W, 2 DRUM DRY BOTTOM TYPE,

725 PS1/650° F, VOGT, PULVERIZED COAL/GAS/OIL
650 PSI/835° F, FOSTER WHEELER,
1500 PS1/950° F, B & W, PULVERIZED COAL/GAS

477 PSI/575° F, RILEY, STOKER COAL/WOOD

1100 PSI/900° F, RILEY, PULVERIZED COAL/OIL

1050 PS1/900° F, RILEY, GAS/OIL

1000 PSI/900° F, B & W, GAS/OIL (3 AVAIL)

850 PSI/900° F, B & W, GAS/OIL

710 PS1/750° F, RILEY, PULVERIZED COAL/OIL

425 PSI, RILEY, STOKER COAL/WOOD

400 PSI SATURATED, RILEY, STOKER COAL/WOOD

280 PS1 SATURATED, RILEY, STOKER COAL/WO0OD

725 PS1/750° F, B & W, STOKER TYPE, MUNICIPAL WASTE/OIL
865 PSI/835° F, DELTAK, WASTE HEAT/N. GAS

725 PS1/825° F, C.E., PULVERIZED COAL/OIL (4 AVAIL)

675 PS1/825° ¥, C.E., PULVERIZED COAL/ GAS/O1L

675 PSI SATURATED, SPRINGFIELD, STOKER COAL/WOOD

700 PS1/825° ®, RILEY, STOKER COAL/WOOD

475 PS1/725° P, WICKES, STOKER COAL/WOOD

475 PSI/725° P, B & W, STOKER COAL/WOOD

1275 PS1/900° F, AMERICAN SCHACK, BLAST FURNACE GAS

705 PSI/700° F, ECONOTHERM, WASTE HEAT
700 PSI/G00° P, B & W, PULVERIZED COAL/ GAS/OIL
700 PSI/750° F, C.E., PULVERIZED COAL

675 PS1/750° F, B & W, GAS/OIL

600 PS1/820° F, UNION IRON WORKS,

700 PSY/825°9 ¥, RILEY,

475 PS1/750° F, B & W,

ERIE CITY,

GAS

STORER COAL/WOOD (2 AVAIL)
PULVERIZED COAL/GAS/OIL
STOKER COAL/WOOD (2 AVAIL)

450 PSL,

650 PS1/725° F, C.E., GAS/OIL

CO FLU GAS/

PULVERIZED COAL (4 AVAIL)
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150,000 PPH, 900 PSI/825° F, C.E., GAS/OIL

125,000 PPR, 750 PSI/750° F, C.E., GAS/OIL (2 AVAIL)

115,000 PPH, 700 PSI/750° ¥, ERIE CITY, GAS/OIL

100,000 PPH, 675 P51 SUPERHEAT, RILEY UNION, GAS/OIL (2 AVAIL)
100,000 PPH, 300 PSI/500° F, B & W, GAS/OIL (2 AVAIL)
100,000 PPR, 250 PSI SATURATED, RILEY, GAS/OIL (2 AVAIL)
75,000 PPR, 350 P31/500° P, C.E., OIL

60,500 PPH, 750 PS1/650° ¥, WICKES, GAS/OIL

60,000 PPH, 680 PSI1/700°F, B&W, GAS/OIL (2 AVAIL)

60,000 PPH, 250 PS1/D&S, C.E., GAS/OIL

55,000 PPH, 675 PSI/650° F, WICKES, GAS/OIL

55,000 PPH, 260 PSI SATURATED, CLEAVER BROOKS, OIL

40,000 PPH, 690 PSI/750° F, MURRAY, GAS

25,000 PPH, 150 PSI/D&S, MURRAY TRANE, GAS/OIL

20,000 PPH, 200 PSI SATURATED, ERIE CITY, GAS/OIL

12,500 PPH, 200 PSI1 SATURATED, ERIE C1TY, GAS/OIL

250 HP, 150 P51 SATURATED, CLEAVER BROOKS, GAS/OIL, NEW 1977

POLLUTION CONTROL SYSTEMS

B7,000 ACFM/420° F, WHEELABRATOR-FRYE, 4 MODULE BAGHOUSE AND 502 REMOVAL

SYSTEM FOR 2 PERCENT SULPHUR COAL

CORLISS ENGINE

1,000 XW CORLISS, 125 PSI/D&5, 5 PSI EXHAUST

GERERATORS, ENGINE DRIVEN

5,885 XKW ELLIOTT/NORDBERG, DIESEL, 189 RPM, 4160 VOLTS

3,200 KW ELLIOTT/NORDBERG, DIESEL, 225 RPM, 4160 VOLTS

2,875 KW ELLIOTT/NORDBERG, DIESEL, 225 RPM, 4160 VOLTS

2,250 XW ELLIOTT/WORTHINGTON, DIESEL, 450 RPM, 2400/4160 VOLTS
2,250 XKW E.M./WORTHINGTON, DIESEL, 514 RPM, 2400/4160 VOLTS
1,750 XW ELLIOTT/NORDBERG, NATURAL GAS, 277 RPM, 2400 VOLTS

1,365 KXW FAIRBANKS MORSE, DUAL FUEL, 720 RPM, 2400/4160 VOLTS (2 AVAIL)
1,250 KW WESTINGHOUSE/WORTHINGTON, DIESEL, 3608 RPM, 2400/4160 VOLTS

1,245 RW ELLIOTT/WORTHINGTON, DIESEL, 360 RPM, 2400 VOLTS
1,160 KW ELLIOTT/WORTHINGTON, DIESEL, 360 RPM, 2400/4160 VOLTS
1,125 XW ELLIOTT/WORTHINGTON, DIESEL, 360 RPM, 2400 VOLTS
1,125 KW FAIRBANKS MORSE, DIESEL, 300 RPM, 2400 VOLTS

1,088 XKW G.E./WORTHINGTON, DIESEL, 360 RPM, 2400 VOLTS

900 KW FAIRBANKS MORSE, DUAL FUEL, 720 RPM, 2400/4160 VOLTS
750 KW WESTINGHOUSE/GM, DIESEL, 720 RPM, 2400/4160 VOLTS
750 XW M & S/G.E., DIESEL, 240 RPM, 4160 VOLTS

732 KW G.E./WORTHINGTON, DIESEL, 360 RPM, 2400 VOLTS

600 XW G.E./WORTHINGTON, DIESEL, 360 RPM, 2400 VOLTS

400 KW FAIRBANKS MORSE, DIESEL, 400 RPM, 2400 VOLTS

250 KW FAIRBANKS MORSE, DIESEL, 257 RPM, 2300 VOLTS
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GENERATORS, GAS TURBINE DRIVEN

31,000 XW WESTINGHOUSE, W-251-G, GAS/OIL, 3/60/13,B800 VOLTS WITH WASTE
HEAT:' BOILER

30,000 KW WESTINGHOUSE, W-30!-G, GAS/0IL, 3/60/13,800 VOLTS

17,500 XW PRATT & WHITNEY GG4-7, N. GAS, 3/60/13,800 VOLTS (3 AVAIL)
16,500 XW WESTINGHOUSE, 192, GAs/olL, 3/60/13,800 VOLTS

16,300 XW WESTINGHOUSE, W-191-G, GAS/OIL, 3/60/13,800 VOLTS

16,200 KW G.E., GAS/OIL, 3/60/11500 VOLTS (3 AVAIL)

16,000 KW G.E., FRAME 7, 3/60/12,500 VOLTS (2 AVAIL)

15,000 XW WESTINGHOUSE, W-191-G, GAS/OIL, 3/60/13,800 VOLTS

10,000 KW G.E., SOOIE, GAS/OIL, 3/60/12,500 VOLTS

8,000 KW G.E., FRAME 3, GAS, 3/60/4160 VOLTS

STEAHM TURBIRR DRIVER GENERATORS

CONDENSING

85,000 KW C.E., 1500 PSI1/1000° P, 13,800 VOLTS
50,000 XKW G.E., B50 PSI/900° F, 13,000 VOLTS

40,000 XW WESTINGHOUSE, B850 PSI/900° F, 13,800 VOLTS
35,000 Xw G.E., 23S PSI/?750° F, 12,500 VOLTS

30,000 KW G.E.,, 850 PSI/900° F, 13,800 VOLTS

30,000 XKW G.E., BSO PSI1/900° F, 13,800 VOLTS

28,000 XKW G,E., 225 PSI/700° F, 12,470 VOLTS

25,000 KW BROWN BOVERI, 650 PSI/835° F, 11,500 VOLTS
25,000 KW ALLIS CHALMERS, 650 PSI/B25S° P, 13,800 VOLTS (2 AVAIL)
25,000 KW G.E., 600 PSI/825° F, 13,800 VOLTS

20,000 KW G.E., B850 PSI/900° F, 13,800 VOLTS

20,000 XW WESTINGHOUSE 850 PSI/900° ¥, 13,800 VOLTS
20,000 KW G.E., 450 PSI1/750° F, 13,800 VOLTS

15,000 XW G.E., 450 PSI/750° F, 12,470 VOLTS

15,000 XW G.E,, 225 PS1/700° F, 12,470 VOLTS

11,500 XW G.E., 600 PSI/825° F, 13,800 VOLTS

10,000 XW G.E., 600 PSI/825° F, 13,800 VOLTS

10,000 KW WESTINGHOUSE, 400 PSI/750° F, 14,400 VOLTS
10,000 XW WESTINGHOUSE, 400 PSI/750° F, 4160 VOLTS
10,000 KW ELLIOT, 375 PS1I/725° F, 13,800 VOLTS

7,500 RW G.E. 600 PS1/825° ¥, 7200/12,470 VOLTS

7,500 KW G.E., 600 PSI/825° F, 2400/4160 VOLTS

7,500 KW ALLIS CHALMERS, 600 PSI, 13,800 VOLTS

7,500 KW WESTINGHOUSE, 400/250 PSI, 2400 VOLTS

6,000 XW ELLIOT, 375 PS1/725° ¥, 13,800 VOLTS

5,500 KW G.E., 125 PS51/371° F, 2400 VOLTS

5,000 KW DELAVAL, 600 PSI/815° F, 6600 VOLTS

5,000 KW ALLIS CHALMERS 450 PSI, 2400/4160 VOLTS
5,000 KW G.E, 150/200 PSI/D&S, 13,800 VOLTS

4,000 KW G.E.,, 600 PSI/B25° F, 13,800 VOLTS (2 AVAIL)
3,500 XKW BROWN BOVERI, 150 PSI/D&S, 2 PHASE, 2300 VOLTS
2,500 KW ALLIS CHALMERS, 125 P5I/371° F, 2300 VOLTS
1,500 XW G.E., 400 PS1/700° ¥, 4160 VOLTS

1,500 XW WESTINGHOUSE, 300 PSI1/725° F, 2400/4160 VOLTS
1,000 KW ALLIS CHALMERS, 150 PSI/2370° F, 2300 VOLTS
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CONDENSING DOUBLE AUTO EXTRACTION

7500 KW G.E., 600 PSI1/750° F, 170/60 PSI EXTRACTION, 2400/4160 VOLTS 91
5000 KW G.E., 600 PSI/B25° ¥, 205/55 PSI EXTRACTION, 2400/4160 VOLTS 91
1,000 KW WESTINGROUSE, 150 PSI, 50/5 PS1 EXTRACTION, 2400 VOLTS (2 AVAIL) 10

CONDENSING MIXED PRESSURE

1,000 KW WESTINGHOUSE, 150/10 PSI, 5 PSI EXTRACTION, 2400 VOLTS 10

CONDENSING SINGLE EXTRACTION

25,000 KW G.E., 850 PS1/825° F, 60 PSI EXTRACTION, 13,800 VOLTS 90
17,500 XW WORTHINGTON, B85S0 PSI/825° F, 11-25 PSI UNCONTROLLED EXT, 90
13,800 VOLTS (2 AVAIL)

15,000 KW WESTINGHOUSE, 850 PSI/750° F, 140 PSI EXTRACTION, 13,800 VOLTS 91

7,500 KW G.E., 410 PSI/650° F, 60 PSI EXTRACTION, 2400 VOLTS 90
5,000 KW G.E., 400 PSI/650° F, 90 PSI EXTRACTION, 2400/4160 VOLTS 91
2,500 KW C.E., 450 PSI/700° F, 50 PSI EXTRACTION, 480 VOLTS 90
2,500 KW G.E., 400 PSI/700° F, 130 PSI EXTRACTION, 2400/4160 VOLTS 90
2,500 KW WESTINGHOUSE, 300 PSL/750° F, 15 PSI EXTRACTION, 2400/4160 90
VOLTS

1,500 XW G.E., 400 PSI/700° F, 90 PSI EXTRACTION, 2300/4160 VOLTS 91
1,000 XW WORTHINGTON, 200 PSI/528° F, 5 PSI EXTRACTION 10

NON-CONDENSING

20,000 KW WESTINGHOUSE, 480 PSI/850° F, 160/185 PSI EXHAUST, 13,800 90
VOLTS

15,000 KW WESTINGHOUSE, 1250 PSI/900° F, 400 PSI EXHAUST, 13,800 VOLTS 91
12,500 KW WESTINGHOUSE, 170 PSI/375° ¥ (WET STEAM), 20/34 PSI EXMAUST 91
13,800 VOLTS (UNUSED)

10,000 XKW G.E., 1250 PS1/950° P, 285 PSI EXHAUST, 13,800 VOLTS 91
10,000 XW G.E., 1250 PSI/?7250° ¥, 235 PSI EXHAUST, 11,000 VOLTS 91.
10,000 KW G.E., 1250 PSI/750° ¥, 180 PSI EXHAUST, 11,000 VOLTS 91,
10,000 KW WESTINGHOUSE, 840 PSI1/825° F, 150/185 PSI EXHAUST, 13,800 90
VOLTS

7,500 KW G.E., 850 PSI/850° F, 110 PSI EXHAUST, 2400/4160 VOLTS (3 AVAIL)S1.
6,000 KW ALLIS CHALMERS, 900 PSI/820° F, 210 PSI EXHAUST, 4160 VOLTS 90
6,000 XKW WESTINGHOUSE, 650 PSI/750° ¥, 15-25 PSI EXHAUST, 11,000 VOLTS 90!
3,000 XW TERRY/G.E., 700 PSI/700° F, 60 PSI EXHAUST, 4160 VOLTS 90:
2,500 KW G.E., 450 PSI/750° F, 50 PSI EXHAUST, 480 VOLTS 90
1,500 RW G.E., 400 PSI/625° F, 40 PSI EXHAUST, 2400/4160 VOLTS 91:
1,500 KW WESTINGHOUSE, 225 PSI/580° F, 18 PSI EXHAUST, 2400 VOLTS 90
1,500 XW G.E., 200 PSI/D&S, 10 PSI EXHAUST, 480 VOLTS 90:
1,500 RW C.E., 150 PSI, 15 PSI EXHAUST, 480 VOLTS 90
1,250 KW ALLIS CHALMERS, 175 PSI/D&S, 18 PSI EXHAUST, 480 VOLTS 90:
750 KW G.E., 410 P51/600° F, 150 PSI EXHAUST, 480 VOLTS 10’
750 KW TERRY, 150 PSI, S PSI EXHAUST, 2300 VOLTS 91:.

300 KW TERRY, 200 PS1/500° F, 20 PSI EXKAUST, 48O VOLTS 10:



NON-CONDENSING SINGLE EXTRACTION

40,000 KW G.E., 1230 PSY/925° F, 475 PSI EXTRACTION, 13,800 VOLTS
40,000 XW G.E., 1250 PSI/900° F, 165 PSI EXTRACTION, 20 PSI EXHAUST,
13,800 VOLTS

25,000 XW WESTINGHOUSE, 1250 PSI/950° F, 350 PSI EXTRACTION, 180 PSI
EXHAUST, 11,000 VOLTS

10,000 KW G.E,, 400 PSI/600° F, 140 PSI EXTRACTION, 60 PSI

EXBAUST, 13,800 VOLTS

7,500 XW G.E,, 435 PSI/750° F, 100 PSI EXTRACTION, 15 PSI EXHAUST, 2300
VOLTS

7,500 XWw G.E., 410 PSI/650° F, 250 PSI EXTRACTION, 45/60 PSI EXHAUST,
2400 VOLTS

5,000 KW WESTINGHOUSE, 825 PSI/750° F, 400 PSI EXTRACTION, 140 PSI
EXRAUST, 2300 VOLTS

5,000 KW WESTINGHOUSE, 725 PSI/750° F, 225 PSI EXTRACTION, 15 PSI
EXHAUST, 13,800 VOLTS .

5,000 KW G.E., 400 PSI/650° F, 150 PSI EXTRACTION, 60 PSI EXHAUST,
2400 VOLTS

3,500 KW G.E,, 400 PS1/545° F, 50 PSI EXTRACTION, 5 PSI EXHAUST,
2400/4160 VOLTS

2,500 KW WESTINGCHOUSE, 550 PSI/750° F, 210 PSI EXTRACTION, 10 PSI
EXHAUST, 2400 VOLTS

NON=-CONDENSING DOUBLE EXTRACTION

5,000 KW G.E., 650 PS1/750° F, 150/50 PSI EXTRACTION, 5 PSI EXHAUST,
2300/4000 VOLTS A

4,000 KW WESTINGHOUSE, 215 PS1/525° F, 60/10 PST EXTRACTION

3,500 KW CG.E., 650 PSI/750° F, 150/50 PSI EXTRACTION, 5-10 PSI EXHAUST,
2300/4000 VOLTS (2 AVAIL)

PUMPS, BOILER FEED

225,000 PPH, 102} PSI, PACIFIC, 500 HP MOTOR DRIVE (2 AVAIL)
840 GPM, INGERSOL RAND, 46 HP TURBINE DRIVE (2 AVAIL)

710 GPM¥/330 FT. HEAD, INGERSOL RAND, 65 HP TURBINE DRIVE

290 GPM/900 FT. HEAD, WORTRINGTON

285 GPM/1900 FT. HEAD, WORTHINGTON, 6 STAGE, TURBINE DRIVE
250 GPM/2000 FT. HEAD, WORTHINGTON, 6 STAGE

PUMPS, CERTRIFUGAL

1,500 GPM/310 FT. HEAD, INGERSOL RAND, 80 HP TURBINE DRIVE

1,150 GPM/4220 FT HEAD, INGERSOL RAND, 8 STAGE, 1750 HP MOTOR DRIVE
(3 AVAIL)

1,078 GPM/278 FT. HEAD, BINGHAM, 60 HP TURBINE DRIVE
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REFRIGERATION

2,000 TON YORK OM-2060 LIQUID CHILLER, 2075 HP MURRAY TURBINE (2 AVAIL)

SPRED

REDUCERS

2,250
1,700
1,375
1,000
1,000
89 RPM

EP FALK, 4.4 RATIO, 1.5 S.F.,

HEP PACIFIC WESTERN,
BP FARRELL, 13.01 RATIO,
HP LUFKIN, 13.36 RATIO,

HP WESTINGHOUSE, 3.364 RATIO,

10.946 RAT1O0,
1‘5 SIFI.
2,47 S.F.,

INPUT 720 RPM, OUT

2.54 S.F., INPUT 3

PUT 163 RPHM

INPUT 3600 RPM, OUTPUT 329 RPM
INPUT 3600 RPM, OUTPUT 277 RPM
INPUT 3600 RPM, OUTPUT 270 RPM

00 RPM, OUTPUT

600 HP WESTERN, 7.091 RATIO, 2.0 S.F., INPUT 70651 RPM, OUTPUT 1000 RPM

(2 AVA
300 HP

IL)

FALKX, 110.06 RATIO, 3.75 S.F.

TURBIN

1,300

TYPE

1,000
750 HP
510 HP
300 HP
264 HP

ES

HP TERRY, 850 PSI/B850° F,

KW G.E., 410 PSI/600° F,

WESTINGHOUSE,

COPPUS, 140 PSI SAT,
TERRY, 150 PSI/450° F,

WESTINGHOUSE,

850 PS1/950° F,

850 PSI1/950° F,

110 PSI EXHAUST,

, INPUT 1200 RPN,

3600 RPM

110 PSI EXHAUST,

15 PSI EXHAUST, 4000 RPM,
20 PSI EXHAUST, 3500 RPM

110 PSI EXHAUST,

OUTPUT 11 RPM

3570 RPM, SOLID WHEEL

3550 RPM (2 AVAIL)
UNUSED

3500 RPM (3 AVAIL)
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APPENDIX F

Fluidized Bed Combustion
(Signal Energy Systems Letter/
Power Magazine Reprint)
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Signal Energy Systems, Inc. CORPORATE OFFICE
Liberty Lane
f:‘f Laks 't,f‘r:n;imd 0;11’1;' Wampton, New Hampshire 03842
P.O.maox Suite Telephone 603-026-5811
Sat Laks Clty, Utah 84116-5200
Telephone 801°831-8183 April 23, 1985

Chuck Hawley

HAWLEY RESOURCE GROUP
7011 01d Seward Highway
Anchorage, AK 99502

SUBJECT: Fluidized Bed Combustian

Dear Chuck:

In response to your questions concerning the potential use of
fluidized bed combustors (FBC's) as steam generators to produce electrical
power and steam for district heating and/or process use in Alaska, I am
enclosing the attachments 1listed below. Kindly excuse my delay in
responding, but from some attachments you will see current dates for
information that might shed more light on some of your concerns.

Attachment A: Your letter of March 1, 1984 accompanied by Ralph Stefano's
letter of opinion.

Attachment B: A brochure and some bulletins from one FBC supplier
(Keeler/Dorr-Qliver, a SOHIO Company).

Attachment C: An "Experience Summary of FBC by USA Vendors Only."

Attachment D: A special report from Power magazine re: "Fluidized-Bed
Boilers Achieve Commercial Status Worldwide," Feb. 1985.

Attachment E: "“Preliminary AFBC Boiler Vendor Comparison"
Attachment F: "AFBC Boiler Design Variable (Cause) vs. Effect Matrix."

The five (5) general advantages of FBC versus conventional ccal-fired
boilers cited by Mr, Stefano are essentially correct and could be expanded
upon as given below:

¢ Greater Fuel Flexibility (High or Low Grade)

~ Propane

- Natural Gas

- Alcohol

- 011 (#2 - #6)

- Wood (Bark, Sawdust or Chips)
- Peat

- Lignite

- Coal (Coarse or Pulverized)
- Coal Refuse (Gob and Culm)
- Petroleum Coke

~ Hazardous Wastes
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Signal Energy Systems, Inc.

1.

Improved Operating Characteristics

- Industrial Size Scale (Up to 100 MWe)

- Small Rather than Pulverized Feedstock
{Less Preparation and Crushing)

- Smaller Size Combustion Chamber

- Better Turndown Load Response/Control

- High Heat Transfer Rate

- Higher Carbon Burnout ({90%)

- Increased Boiler Efficiency {(by 2% to 4%)

Reduced Maintenance Requirements

- No Refractories in the Combustion Chamber
(for waterwall types)

- No Flue Gas Desulfurization (FGD) Equipment

Improved Emissions Control

- S0, Reduction 90% During Combustion

- Lob NO_ Emissions (0.6 Lb./MMBtu)

- No Lim& Slaking and Scrubbing Required

Easier Disposal of Solid Wastes

- No Fouling or Slagging

- No Sludge

- Waste Disposal Entirely Dry

Reduced Capita) and Operating & Maintenance Costs
(from a combined effect of the above)

O0f the three (3) general disadvantages of FBC
conventional units outlined by Mr. Stefano, we respectfully submit the
following comments:

Page Two

in comparison to

Fuel and sorbent feed systems vary considerably by FBC manufacturer/-
design. Overall, there is relatively minor difference up to the point
of placement of these materials into the boiler day bins. Following
that point it appears that FBC is less complex because:

a.

Pulverizing is not required (FB8C's accept coarse particle size
distributions).

Pneumatic feed systems (using eductors) have few moving parts
and have exhibited over 8,000 hours of continuous operation
without pluggage or appreciable wear.

The mechanical feed systems wusually employ helical screw
conveyors to meter input and are of long standing design and
reliability.
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The number of feed points varies by vendor design.

2. . "Chemistry in the fuel bed {s critical" {s a statement of fact, but
not a disadvantage. Rather, it is an advantage because today's FBC
instruments and controls use varying feed rates to sense, monitor and
maintain emissions to a more stringent level than conventional
combustors.

3. “[Tube) Eroston in the bed can [could] be serious" is a statement of
fact, but not necessarily a disadvantage for all FBC designs. On a
comparative basis, the wear and tear experienced on conventional
stoker-fed boilers (grate mechanisms) can be equally serious.

Probably the single most concerning disadvantage to FBC's is the
limited number of operating installations fueled with coal and the data
related to operations and maintenance in the USA (Refer to Attachment C).
However, the firms who have accepted the orders to provide the FBC's are
of considerable substance and obviously have the confidence of their
clients.

As far as environmental compliance goes, the FBC's have been declared
to be the Best Available Control Technology (BACT) in California which has
the most stringent regulations. Compliance ta federal requirements that
govern Alaska would be assured using FBC.

Signal Energy Systems has become very knowledgeable in FBC technology
and is currently in the development stage for saveral projects fueled by
coal and coal wastes (refuse coal material or RCM to energy). In full
commitment to this method of combustion, on April 1, 1985, The Signal
Companies acquired Combustion Power Company, Inc., an engineering firm
specializing 1in FBC's. Within a few weeks, we shall be proposing a
coal-fired FBC system to provide power, steam and high temperature hot
water to support Cominco's Red Dog project. This proposal is being
tendered as an alternative to diesel generation; and, as you know the site
is about 100 miles inside the Arctic Circle. That would pretty much state
our opinion and we would encourage you to consider FBC. If your specific
project requires someone to design, finance, build, own and operate it,
Signal Energy Systems would be most willing to become involved. Please do
not hesitate to contact us if we can be of assistance.

Warm regards.

Sincerely

ff}wj,_
Robert S. Pringle
Project Manager

RSP/mas

enclosures

¢cc: Chris Sauer/File
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ATTACHMENT C

' 4 Signal Energy Systems, Inc.
4
EXPERTENCE SUMMARY
ATHMOSPHERIC FLUIDIZED BED COMBUSTORS (FRC)
FUELED 8Y COAL DR CDAL WASTE
(U.S.A. YENDORS ONLY)
April, 1985
Vendor (A11 Fuels) Overall Caal or Coal-Waste ® 40,000 pph Notes
Sold Operating Total/wSO, Operating/wSD, Op. Hrs./wSQ,

8abtoct & ¥ilcox 4 1 171 VA 6000/6000
Combustion Engineering 3 1 3/3(?) Hn/n ND HD=No Data
Lurg$ 3 \ 3/ND /4D ND
Combustion Power Co. S 1 1/1 ] 0
Dedert 5 2 0 0 0
Deltak 0 ] 0 0 0
Energy Products of ldaho 21 20 1/0 1/0 ND
Flufdyne Engineertng Corp. 1 1 1/0(?} 1/0(?) ND
Foster Wheeler Corp. g 8 8/8 /7 42 ,.600+/42,500+
Foster Wheeler Ltd. 3 3 2/0(?) 2/0(?) 1500+/0{ 7}

International Boiler Works See FEC

Xeeter-Dorr Olf{ver 7 2 5/4 1/0 3000/0
Power fRecovery Systems 2 2 0 0 0
Pyrapower 6 ) 6/5+(7} 1/? KD
Ahlstrom n 9 7/ND 5/ND ND
Ritey Stoker Corp. 1 0 1IN 0 0
Solids Circulation Systems 1 0 0 0 0
Store Johnston Corp. 14 14 5/0¢(2) 5/04(1) 25,000/0+
Struthers Wells Carp. 2 2 N (VA ND
Wwormser Engineering, Inc. 3 ] 1/3 171 8300/8300
York-Shipley Inc. 17 17 0 0 0

e 8 48/27+ 28/11+ 86,400+/56,900¢

NOTES:

1. This tabulation includes AFAC bdoiler vendors based in the U.S. or who have sold boilters in the U.S. Alsg in-
ciuded are companies affiliated with the above, indicated by single spacing.

. TYabutatfon includes boiler demonstration plants, but not pilot plants.

The unit count excludes duplicate boflers at the same site.

Operating units include those which have disconttnued operation.

Operation cutoff 1s 9/30/84.

Tabulation has no intentional exclusions, but may not be completely correct. Data has been gathered from trade
journals, not vendors.

o Vi N
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ATTACHMENT D

Special Report

' Fluidized-bed boilers
achieve commercial
status worldwide

US electric utilities give atmospheric fluidized-bed

technology their blessing by investing in three

demonstration projects empioying the world's largest

such boilers. Confident industrials are ordering units for

process-steam and cogeneration service, several with

ratings above 200,000 Ib/br on difficult fuels

sgerhenter
M g plione

By Bob Schwieger, Editor-in-Chief
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lechnology for steam and electric

generation got a big boost last year
when three eleetric ulilities— Colorado-
Ute Electrie Assn Inc, Northern States
Power Co, and Tennessee Valley Au-
thority —and their parincrs committed
more than $300-million to the construc:
tion of three demonstralion plants, rang-
ing in size from 100 1o 160 MWV, The
volc of conhdence by US utilitics, tradi-
tionally among the most demanding
companies when it comes 1o adopling
new {cchnology, means 10 many indusiry
observers that AFB boilers are truly
commercigl.

Perhaps the most surprising aspect of
the rapid commercialization of the fluid-
ized-bed boiler—the first successful
caal-fired walectube vnit, a bubbling-bed
steam gencrator, began operation al
Georgetown University only $ia ycars
ago—is industry’s fascination with circu-
lating fluidized-bed (CFB) systems.

Though only two CFBs are now opera-
tional in this country—at Gull Oil
Exptoration & Production Co, Bakers-
fiedd. Calil. and Canoco Inc, Uvalde,
Tex, cach rated 50,000 tb/thr—and their
scrvice Lime is somewhat lacking because
of cutbacks in oil-field production, US
companies recently have ordered at least
eight such boilers raled more than
400,000 Ib/hr each and several others
capable of producing more than 100.000
ib/hr (sec tables. pp S-6. S.10, and
S-14). When one considers 1that CFBs
onperating overscas (the largest is
270,000 Ib/hr) have relatively liule
experience burning coal, the primary
fuel here, the investment in them
appears cven more SUrprising 10 some
industrial sources.

However, the gencral consensus
among knowlecdpeable enginecrs is that
CFBs certainly are worthy of the atten-
tion they're genting. These boilers (ypi-
cally operate at higher combustion ¢ffi
cicncies and a1 lower excess-aie Jevels
thin the morc familiar bubbling-bed
stcam generators (POWER specisi coport,
Fluidized-bed  builers, August 1982).
CFBs also have morc (orgiving fuct-feed
systems. typicaily require less limestone
for SO, capture, and usually are morc
casily adaplable to staged-combuslion
technigques for NO, control than bub-
bling beds.

US intcrest in the CFB, nurtured pri-
marily by Pyropowcr Carp. probably was
not anticipated by the traditional boiler
manufacturers. Babcock & Wilcon Co.
Combustion Enginecring Inc, and Riley
Sioker Corp cach now offer CFB boilers
under license or in cooperalion with
overscas manuflucturers (sec table. pp
S-2 und S4). And even though Keel-

n tmospheric fluidized-bed (AF)
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er/Dorr-Oliver Boiler Co sells CFBs of  which will (1) jnct™€ Pl'-k_:; \\IJ\F\,?‘\ Electric Cooperative Assa also are con-
its own design, the company was aot from its present 16 MW '\‘:/ "3y imor -C tributing 10 \he project.
. [ - . . Ny - =
actively publicizing this aspect of its an investment of *""““‘1 ot '.",";Ipr“‘ The upgrading sffort, scheduled for
business before selling six units to Arch-  net statioa heat ral¢ l)yr b:. --0-;‘0“ +  completion in 1986, cssentially consisis
. N . A . . R » =S .
er Daniels Midland Co for plants in fowa  reduction in fuct ot « Aokl 20TR 2= of replacing three stoker-fired stcam
and Hlinois. Foster \Wheeler Energy (4) reduce emissions o . penerators with one 925.000-ib/hr (at
Corp 2lso recently announced plans la  Participants in 1he 3% ‘rm’:""". Proja 1510 psig/100SF) CFB boiler and add-
- . “ . d - -
offer CFBs of its design. (hat are sharing e "d e I”"""E“'- ing 2 new turbine to produce 75 MW
. . . cisks wilh the utilay mlclu e ~alerMics™  and extraction steam to power the three
First utility CFB boiler Pyropower. ;r._-hiln‘l,v.;‘ng:ncﬂ IS(c;r's existing 12-MW turbine/gencrators
Colorada-Ute is installing the nation's  Catalytic World Ceath ““b_: mher Fess 1600-psig/825F inlet conditions), which
first utility CFB steam generator (Fig 1) body Coal Corp. amd '“{u'u‘i “Er;cm‘* will be retained.
at its Nucla generating station, located manufacturer WN“':.‘ !\m:- 2 ectr s The utility evatuated several types of
. . . -
in the westerd part of Montrose County, Corp. The FEloetiv | ?q e '“;1"\ *  sleam generatars far the Mucla project.
as part of a major life-cxiension project Institute (EPRD -1 dtimgal Rerm: sclecting the CFB ynit on the basis of
- —



™ ARy pilers grows as early units perform well
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€1 vent. clliviency, and its ability to fire heat to the membrane waterwalls and The lower section of the combustion
low-ktade local fuels while satisfying radiant superhenter, the particulate-lad-  chamber includes an air-distribution grid
d for ‘nnpedt cmissions criteria, A high-ash  en combustian gases flow into the hol and bottom-ash removal system. Ap-
ne o el will be burned. cyclones, as shown in the figure. proximately half of the heat released in
1€ n Ni-'_‘:ll 8 new boilar will be the larg- Solids, including unused limestone and  the furnace at full load is transferred to
ro(at f\;' ¢ip stedm generator in the world  unburned fucl. are rcturned (o the com-  the waterwalls and radiant superheater,
add- “hEn I pocs into service, as well as the  buslion chambet via a nonmechanical  remainder to the convective superhealer,
L » e . . N . .
NV orid’s lurgest fluidized-bed boiler of loap secal to mix with fresh [uel and economizer, and air heater. The convec-
th e ?l"‘; l§{'¢ built new from the ground up.  sarbent: flue gas flows through the con-  live pass, typical of those in most salid-
alors iy ores thia way: High-velocity air flu-  vective heat-transfer scetions, air heater.  fucl-fired boilers, includes ash-removal
vhich fue c;awl_a"d limestone bed marcrial  fabric filters, and out the stack. The long  equipment and provision for soolblowers,
! Capture—in the combustion furnace rctention time for the fuel and  if required. Finally, notc 1hat primary air
Chambyey ; : . . . . . . quire . P y
es | high turb l”““‘POI’llng the solids with fimesione. and the continuous circulation  is supplied 10 the windbox below the
yect. « f"“ roulence up the full height of the  of them, ensure high combustion and  air-distribution grid and provides the ini-
s of “er-vooled struciure. After relcasing  SOj-removal efliciencies. tial fluidization: addition of sccondary
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Major US firms extend their capabilities by
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air in the furnace gives a staged-combus-
tion efTect. maximizing earban burnout
and minimizing NO, production.

Fuel-feed system provides for cight
hours of raw coal storage; storage capac-
ity of crushed (1000-micron) limestone
is 24 hours.

Expsected stack emissiona (rom 1he
upgraded plant are these: |7 tons/yr of
particulates, 1944 tons/yr of NO,, and
1559 toas/yr of SO,. The original plant
emitted greater yuantities of pollutants
while delivering only onc-third the power
of 1he new system. Those numbers: 204
lons/yr of particutates, 911 tons/yr of

NO,, and 2826 tons/yr of SO, cmissions.

Confidence in the CFB boiler's ability
to remave SO, while aperating efficient-
ly comes from a wealth of test data. To
illustrate: When burniag Yain, X 0 Ohio
No. 6 coal (5.14% sulfur, 13.4% ash,
12,520 Btu/Ib). using 100-300-micron
Lowellville limestane (93% calcium car-
bonale, 1.6% magnesium carbonale) as
the sorbent, and operating with a 1525F
combustion temperature and 8.5% excess
air, SO, retention was 92% at a calcium-
to-sulfur catio of 1.4, combustion elfi-
ciency, 99.2%. For a low-grade Braziliun
coal (1.4 sulfur. 46.9% ash). a 1580F

combustion temperature, and a Ca:S
ratio of 0.6, sullur retention was 79.6%
(same SO, being captured by the ash);
combustion efficiency, 98.9%.

Largest AFB project

The Auidized-bed retrofit of the non-
rehieat Unit 2 boiler at Northern Siates
Power Co’s Black Dog generating plant,
located only 15 miles south of downtown
Minneapotis, differs from the Nucla
projcct in several respects. The most
important: An AFB combustor of the
bubbling-bed type will be {nstalled in an
existing pulverized-coul-fired boiler after
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S demolition of part of that unit's furnace of 20,000 MW, are poiential candidates  ly possible. NSP's confidence in the §50-
& and convection pass. Through the con- for conversion to AFB combustion. million project—or about $400/kW,
) version effort, the utility expects to find Fostes \Wheeler Encrgy Corp, supplier  one-third the price of new capacity—
a technical and cost-eflective basis for of the luidized-bed sysiem, began demo-  stems from the success of ils fluidized-
responding to the acid-raia fssue in the lilion work an Unit 2 last September  bed retrofit of the sioker-fired French
upper Midwest. In addition, NSP hopes under the dircction of the utility and its  [sland plant, deseribed in POWER's 1982
- to satisfactorily demonstrate its ability to  architcet/engineer, Stonc & Webster  report referenced earlier.
5 achicve a higher unit capability and Engincecing Corp. When the refurbished Like other utilities, NSP has suffered
. availability and to cxtend the life of an  boiler produces stcam in (he spring of [rom generating capability lost ax 2
a existing unil. 1986, it will be the lasgest AFB unit in  result of environmeatal regulations. The
1 N EPRI, which partially funded econom-  the world. More important, Black Dog 2 AFB reirofit will aliow the 1954-vinage,
t : ie feasibility studies, has considerable witl (1) be able to gencrate 40 MW more  100-MW Unit 2, derated 10 85 MW
e ; interest in the project. It claims that (han it can now, (2) operate for 25 more  because of a mandaied shift to a mixiure
1 i more than 200 units, built between 1945 years, (3) cmit less polluiants, and (4)  of {ilinois and low.sylfur western coals,
r i and 1968, with a 1otal capacity in cxcess  burn a wider range of fucls than current- 1o produce 125 MW white reducing SO,
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cmissions by up ta 80%, cuuting NO,
emissions by up to 50%, and decreasing
particulate discharges to 0.03 1b/million
Btu—the tast a provision of the current
new-source performance standards. The
turbine/generator and auxiliary systems
must, of course, also be upgraded to
achicve the higher unit rating.

The original boiler for Unit 2 was
designed 10 produce 860,000 ib/hr of
1770-psig/ | O0OF steam; the re-equipped
steam generator will deliver 1.04.million
Ib/hr at 1525 psig/ |000F when firing
the difficult Sarpy Creek (Mont) coal.
This low-sulfur (0.9-1.2%), high-alkali
fugl, noted far the fouling and slagging
problems it causes, has been lest-fired at
French [sland with favorable resulis.
Tests to select the masi cost-effective
sarbent continye.

Design limitations of the cxisting
boiler and NSP'’s desire (o increase the
anit rating created some job-specific

rcqQuirements necessary (o facilitate the
conversion (Fig 2). These should be
cxpected on any retrofit project of this
type. At Black Dog they included:

8 A maximum |0-ft/sec bed superfi-
cial velocity to minimize carryover of
unburned coal and unreacted limestane.
The limit essentially reduces the recycle
rate to levels approaching those used an
stoker-fired boilers. It was necessary to
do this at Black Dog because of a SO-
ft/sec maximum allowable gas velocity
in the convection section at the maxi-
mum continuous raling (MCR) of the
unit, and because of the need 1o restrict
flue-gas particulate loadings to levels
acceplable 1o cxisting precipitators with
minimal upgrading.

a Addition of a multi<yclone dust
collector between the boiler outlet and
air-heatee inlet to allow recycle of high-
carbon-content flyash and to reduce the
dust laading at the precipilator inlet.

8 Use of an over-bed (spreader stak-
er) coal and limestone feed system.
Overfire-air ports will be located above
coal-fecder inlets to the furnace to dis-
perse the incoming coal fines fram the
feeder discharge area.

® Replacement of the two existing air
heaters with a single, low-feakage regen-
crative unit capable of haadling the
higher pressure drops. flows, and partic-
ulate-loading requircments of the reiro-
fit.

8 [nstallation of new {orced-draft {ans
and modifications to the existing in-
duced-draft fans to satisfy the higher
static-head and flow requirements of the
AFB system.

B Usc of a cireumferential scal araund
the furnace to accommodate the differ-
entia) thermal expansion where the exist-
ing furnace and the new Auidized-bed
system are joined. The seal is a combina-
tion water/mechanical and slip-joint
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2. Rorihern Slates Power Ca's Black Dog planl will have world’s fargest AFB
bainer when Unit 2 is convaned from pulverized-coal fliring In 1986

-bed boiler bank

Preurnatic undar-bed fusi-feed System

3. Success of this 20-MW pifot plant gave TVA
confidence ta begin design of a 160-MW unit

crruseomwert, with the fernoce-gas-side
{res re bakineed ad atmospheric at the
seal elevation 10 minimize lcakape.

® Provision for the injection of a Aue-
puv conditioning ugent in case onc is
teyuired {ater to facilitate dust callection
by thy precipitator.

m Ruinfarcement of existing boiler
Ard previpilator guseside pressure case
arand of fleesgas and gir ducts.

YVA: Another leader

The Tennessee Valley Authority 100k
i1s hieal Alep tloward a utility-scale dem-
anstralian of fluidized-bed technology by
tomstructing 3 $68-million. 20-MW pilol
plant a1 the wiility's Shawnee sieam
pianton Paducah, Ky (Fig 3). The unit
hus wpmeeated fir well over 8500 hours
snce the iew v fire in May 1982,

I o ouraped by progrexs in (he devel-
oprwnt of (he AFB process over the lust
few yemrs “IVA, in cooperation with
EERY he state of Kentucky, Duke Pow-
er o Combugging linginecring Inc. and
"‘"ﬂ"v I 'JU’~'rniug o babbling-bed boiler
for Shewnee pnble af providing sufli-
:“-”“,“"-'"' I« The existing Unit 10 tur-
HPL TRty produce 160 MV,

Completion of the $220-miflion project
(a follow-on test and cvajuation program
are included in the cost) is expecied in
1989.

Pilot-plant results indicate 1hat 90%
SO, retention is possible using under-bed
fuel and limesione feed with a Ca:S ratio
of 2.0 10 2.5 and a recycle ratio of 2.0 (o
2.5 (Ib solids recycled to [b new fucl
added 10 the combustion chamber). Only
cight years ago. the predicted Ca:S ratio
was about 5 Lo achieve 90% SO, removal
(withaut recyele). Resulis with over-bed
fced—the TVA pilol plant has both
under-bed and over-bed fecd sysiems—
show (he tame positive trends: however,
overall bailer performance is nat as pood
as when the under-bed fced sysiem is
used. \When fucl is fed from over the bed,
fines contenl must be tightly controlled
ta achieve the 97% cambustion eflicicncy
typically possible with under-bed injec-
tion.

Similar improvements in the control of
NO, cmissions also have been observed.
To illusirate: Data from Monongahela
Power Co’s 300.000-1b/hr Rivesville
(WVa) dcmonstration unit (no longer
opcrating) produced 0.6 b NO,/niillion

Btu. The TVA pilot plant has operuated
a1 NO, levels beJow eavironmentsl limits
for all conditinns tested and. al the
expected 3% excess-O, opecrating fevel,
emissions are less than 0.25 tb/million
Btu,

Regarding equipment and component
peeformance, the 20-MW-unit tests re-
vealed the (ollowing: g

8 The relatively simple vver-bed fced
sysiem operated al o high avuilabifiy in
approximaiely 1000 howes of icsting.
However. consistent fuel sizing wax not
possible and a special feed-preparation
and -handling system would be necessary
1 control fines.

® Retiability of the original under-bed
feed system was not satisfactory. Plug-
ging caused by high moisture and large
particles. and erosion of the feed pump
and supply lines, were among the prob-
lems. Redesign of the sysiem, uxe of
wear-resistant materials, lower traasport
velocitics, and other changes bave xiace
improved reliabilily considerably.

® Corrosion and crosion of in-bed
tubes and (ube supporls have been within
acceplable limitx, Wear associated with
the SA-210-A) in-bed cvupoarator bun-

| ape It ,
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dle. SA-213 superheater tubes, and TR-
J04H tube supports are monitored at
500-hr intervals.

Plans for the 160-MW unit call for a
balanced-draft, drum-type, bubbling-bed
boiler to supply 1800-psig/1000F main
steam ta the existing high-pressure tur-
bine and 450-psig/1000F reheat steam
to the low-pressure turbine from the
cambustion of high-sulfur bituminous
coal. An expansion joint in the (reeboard
section will allow a combinalion top- and
bottom-supported ‘unit, like Black Dog
Unit 2. Fuel and sorbent feed will be
from under the bed.

Bear in mind that an under-bed feed
system is a virteal necessity for utility-
size boilers designed wilh a single bub-
bling bed (an alternative could be the use
of mulliple stacked beds). Here's why:
Over-bed feeders require a long, rarrow
furnace to ensure good fuel distribution
from spreader stokers, which are limited

in their Lhrowing distance. Thus, the
furnace for a2 160-MW, singie-bed unit
would have to be abaut 70 X 36 It in
plan. A 500-MW unit would be half a
football fietd in length or longer. Use of
an under-bed feed system. by contrast,
allows an evenly distributed flow of coal
and limestone to a furnace of any dimen-
sion, 50 a more economical shape can be
used.

The feed system being considered by
TVA. joiatly designed by Combustion
Engineering and Power Recovery Sys-
tems Tnc, is a2 modified version of what
the now-defunct Energy Resources Co
instalied in Texas Tar Sands Lids bub-
bling-bed boiler. PRS purchased the flu-
idized-bed division of ERCO when it
wenl bankrupt. The system, itlustrated in
Fig 4, uscs a crusher/dryer to prepare
(he coal to these key specifications: Y in.
» 0, less than 6% surface moisture. The
second condilion can be achicved com-

fortably as lung as the surface moisture
in Lthe raw coal is 16% or less.

Prepared coal and limestone. stored
separately, are fed from their respective
silos through a system of pressure and
gravimetric feeders and charging hop-
pers—where Lthey are mixed —10 12 fuel
distributors, so-called bottles. The en-
largad view of a bottle in the iflustration
shows that it is a Auidized (ceder with a
central inlet and 10 2'4-in.-diameter out-
let fuel lines arranged concentrically
around (he inlet. The ([uel-transport
blowers pressurize the botties to between
1.5 and 4 psig, cnough 10 transport the
coal/sorbent mixture to the furnace. The
fluidizing velocity is 10 fi/sec. Designers
say a bottle is analogous to a burner and
Lhat turndown of a fluidized-bed boiler
using such a sysiem is accomplished in
the same way as load reductioa vn a
pulverized-coat-fired unit.

The TVA 160-MW unit would have
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ils bed divided into six firing zonet each
with 1wo bottles, or 20 fucl lines. serving
an area of 2bout 400 ft2. Plugping of feed
lines caused by excessive surface mois-
ture is not expecied 10 be a problem. A
rule of thumb that comes from pilat-
plant expenience says that you won't plug
the feed sysiem if coal flows (reely from
storage sifos.

Overseas developmaents

The largest fluidized-bed boifer under
construction outside the US reportedly is
the CFB Lurgi GmbH is building for the
West German cily of Duisburg. When
operation begins late this year, it will
have the capability to produce up to 140
MW aof district heat together with 70
MW of electric power and have the
flexibility to generate up to 100 MW
when no district heal is nceded. In the
optimum cogencration mode, designers
say, plant efficiency wifl exceed 90%.

Boiler for the reheat unit is sized 1o
produce 595,000 lb/hr of 2100-
psig/995F main sicam, The water-cooled
combustion chamber feeds hot solids via
cyclone scparators (arrangement of com-
bustor and cyclones is similar (o that at
Nucla siation) to two fluidized-bed heat
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List of AFB boiler installations include; ¢
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vxchangers arranged in parallcl, These
¢xiernal heat exchangers (EHX) atlow
independent conteol of superheat and
rcheat lemperatures. The dust collecior
is 3 hat electrostalic precipitator,

One advantage of having an cxternal
heat exchanger in a CFB is that it can
easily compensate for variations in com-
bustor hcat absorption caused by
vhunges in fuel propertics and load con-
ditions — that is. heat absorption in the
EHX is increased when combustor
sbsurplion drops and vice versa. Thus, it
is possible to maintain the optrmum fevel
of combustor performance ut all times.

An EHX essentially is a refractory-
lincd box containing an sir-distribution
grid and an immersed t(ube bundle
designed 1o cool hot solids delivered by
the cyclone and then return them to the
combustor. Fluidizing veloeity is low
(Yess than 3 Nt/sce). solids densily and
heat-transfer cocfficicnts very high.
There is vittually no cambustion in the
EHX because the sulids being recycled

contain little carbon. Erosion/coerosion
in the immersed tube bundie is not a
considcration becanse of the low fluidiz-
ing veiocity and the low level of combus-
lion.

To compele against CFB systams,
Deutsche Babcock AG (DB), West Ger-
many's largest bailer manufacturer. (s
olfering high-recycle-rate bubbling-bed
systems in sizes up ta 250 MW (electric
rating), designed 10 meet the siringent
new federal standaeds for SO, and NO,

controt while cconomizing sorbent and

achicving combustion efliciencies com-
parable 1o those offered by pulverized-
coat firing. External recirculation rates
range (rom 10 10 15 19 of solids cecycle
pee 15 of fuel added. D8 enginecers say
the bubbling bed: is less expensive to
build 2nd operale than CF8s fur utility
bailers uf comparable size.

Such high recircufation rates, while

improving SO, capturce and carbon bura-

out, also_cool the bed. reducing the .
‘amount of in-bed surface required to

maintain the optimum temperature for
SO, and NO, controt. Decreasing the
amount of heat absorption in the bed was
a DB design objective. The company has
had its share of crosion prablems, pri-
marily in the Atlas Consolidated Mining
& Devetopment Corp units, located in
the Philippines. Erosior there was cor-
rected by replacing the vrigisal in-bed
bundle with expensive square tubes (pro-
duction tubes that in cross section resem-
ble square bar stock with a hole drilied in
the middic). These tubes are welded

‘together, one over the other, in s1acks of

four.

Recent studies conducted by the man-
ufacturer indicate that the most econom-
ical way to avoid erasion is 10 vse refrae-
tory-covered waterwall sections as the
in-bed hecat-transfer surface. This way,
the bubbling solids essentially impinge
on only the refractary covering the low-
est tube in the stack. Mast of the heat

relcased in’ the DB bubbling-bed stcum .

genesator s captured in the convective

FLAOZED-A40 GALEAR + ¢ Lpucial repart



,?d_e?{'&iese units . . . and 2200 more in China

PLANT

PLANT . .
LOCATION z ] OWNIR LoCATION 1 1 .
i! R R gg HEREE
FHE AR 1t AR
(ay ol toatsions  © Londeboons, Sweten (I I LB { ] N6 0 Lumber Co x B U we "
*+ Gty of bsp tine, Sustre [ ] ) Wa <1 ] Hovee Woed Predacts bar Cope Caardesn. Mo n n We "
. Rodamons LM n # % e (m Ovevion Co Kewly. 00 2 We 2]
Guloveraon {nerpy Syviems AS Gotedorg, Saedre ] ;] 4 ot Corractonat lacdily Osnule, B ] 1™ [4 114
s Semert Pywend Corp Lngsion, Ay n =n [ 23 Save liangie Harduoaty fverens P2 o u e |+
. Attani Veweer Corp Saaviert, 0C 8l n We \2d tntw Corp Hggonum. Cons o B ] We "
Northees! Senalobna, Mas 0 n We 1.} Atanta Yenees Corp Beavient, IC n 10 We s
& Collegy Tenneco L1 Sentel, R 0 1 wa 0=
Bonse Coscade Corp (mmet! Moo n . We 1) Sanse Cancade Corp Cancate. lshe ] L] we 1
. Bane Cascade Corp Moncw, IC n .3 We [{) {odsy Qhoe Growers Londnay. Coit » v mw h
Webtiet Lomber (o fargw, e n % we 1]
y [1,] Vermont State Novptad Wolethary, R n 10 We n
v o Weokombers Lig Sradlerd. W 2 A Mwe W Horand Iyier Pymg Co Keely, UK 0 0 ¢ K
ERYY ] ann Amercan Sowss Gus, deand L] 20 4 K Nerie Lampo Oy Montsale. fmises 1] 100 w m
4 Totacca Co Alcohal grstdlation plant Bardsionn, &y 1] 10 4 114
P Abbot! | dboraterers Casa Giande. irat " be) 4 K US Degt o) HUO Nerioh, Ya 109 Towe [ ] 4
Drsmong interasinmal Corp Redmong. Ore [ Ie) We (1]
LT Kogap Menstxcimmg Co Metierd. Ore s ] n We th WcCakcn ing Hughesede. P2 3 Ve s
e 1AOea Ca Wmona, ba " e +1
‘ 47 Shefieftes healt AB Sheliefiei, Sweden 81 nn Py M Yorb Canhet Co Tors. P2 3] ! e "
e Savon Youma Oy Seanenobs. Fuiand n WY ra M lows daseun Wainet Co SU. Joreph. Mo 7 We \+1
Chagiesn Lomber Co Chaiese. Ont_ Consts NN we 1 York Caskel Co Yot P2 N1 o we 0w
' 'S} Nagel L ombee Co Lond O'Lakes, Wn n A We )21
Wage Wood Ca Wate, NC n HI we T Tenneco Orgamcs Lid Avenmoutt, UK [ ] [} we v {13
3 Natenai Coal Board Seidy, UR 3} (14 [4 L 1]
e Dands of Netherion L ig Al e rel < North Yerk County Councd Kantesdorengh. UR ¥4 [ [4 [ J 14
W Provdence Cokege Provdence, R u 0 4 K Nelton Indesins g fortedie, g 1] 3 [4 K
K Superwood Corp P, W n 2 We n Owes Sovacer Scheel , ind i » 4 K
1) fiemmng L vmber Co Cresimw. fla 1] 20 We p1 o
1B8M Corp Ouriotie. NC [} N 4 K {moress Raconal Adare de Madedt. Soom L] u 4 oo
o Invesigacon de Moeras SA
Y Yar Buten Cownly Aiohey Ing Bonsparte. lenp n 0 4 [+ {] Rentuchy Center for Cmergy Research Lesmgton, RY . MAe b 4 oo
B 1+ {astmont forest Products Ashiand. Momt n 0 We th Undriciosed Unduciosed 8 e [ s
N (¥ Powee Recovery Sysieems b Cambraage. Masy ] n 4 ”s Samdegwent AG , §9G 2 ! ¢ ww
n o Nywngen Dyerng Co 03 (2} 0 4 114 Ciy of Pehsamabs Pedsamals, foang 8 M c
Metnit Brothers Lumber Co Puest Rever. ane % 2 We th
[{,] Caty of Semaphe Semaobs, Funiong [V o o
: fice MASTRA Loeneburg. FRG 13 i Y [4 ww Frutos Tropeas Seant [ TR We ot
Cty ot [o v Ehs0. Sweden n 1 L3 (<1 ] Shetieliea Kralt AS Sweden 85 N o o
R " Damks { mpmeerng Lt Ordbury. UK 1] 13 4 Ot Companiug S1asdewa de beand 5% N We out
4 in City of Studse Studsvd, Sweden 3] 18 [S B 1 ] Metaiurcus ¢ beneracas
b In Smr’s Brewery L19 Tadesster. U0 n 1% < N Meneraco o do Morte L2 [ T we on
(Swas) Cot -Got (rlvmmons mumng wasies) Sut -Subbrivmenows coal 2 Heats st for g1 fwrbene m Combnned-ycie slanl ., 13 for each of three vty
Y 1g Lgmte T-Ines (sedded) JFor each of two omts 12 Ao coal ‘water mntere
ne AL (ING) Pes Peat %o -Waste ody 4 A woodwasie and Yuige 13 ddeltvon Blu/M (ol water system)
) Pet Petrolewm cobe Wit -Wattes $ -Also peat and wooduasle 14 40 conpuaction min internatonal Boder Works Co
=G Process goses Wie Wasie tars § Also ¢ and peal 19 4a compuncion wein C { Maice
Tt Prxess esien We -Woodwaile 1 Ao coal and seed wasle 16 Comoany tecently 10 wow Laowe a1 [hmtued
& Myncipal retne 8§ Ao woodwatle Comburtion L1¢
o8 Feluye gerwed borl F00TNOTTS 9 Retrolst proyect 17 -Fox each ol fout wruts
N Sdge | 4n conpencion wih Dewtsche Batcres Wevhe AG 10 Alse blast-lurnace gos
for sections of the Benson boiler located ized-bed boilers, and their ability 1o cap-  at Duisburg that do. To date, the largest
the above the combustion zone. ture SO, ‘during combustion, provides CFB unit ordered by industry is the
ws : I t ti perhaps the most cost-cflective control of  650,000-Ib/hr boiler bought by Scout
he ' mpact on cogeneration NO, and SO, discharges for industrial- Paper Co for its Chester (Pa) plant. A
pri- Except for annoying erosion problems  size units. joint effort of Combustion Engineering
\ine in a few AFB boilers with in-bed heat- industrial CFB and Lurgi. it will have an EHX.
I transfer surface. industrial Nuidized-bed 'NCUSITIA s Another manufacturer offering
0 operating expericnce has been good, as Circulating fluidizcd-bed boilers gen-  CFBs with external heat exchangers is
bed indicated by the large number of new crally are considered more economical  Riley Stoker Corp, which operates under
"o syvstems being installed. Predictions are  than bubbling-bed units for industrial a license from Battelle Development
en that fluidized-bed steam generators will  applications requiring more than  Corp. The two boilers incorporating Bat-
d continuc to capture a significant part of  150,000-200.000 Ib/hr of steam. For telle’s multi-solid fluidized-bed combus-
ded the industrial large-boiler market in the large units, the taller furnace character-  tion system recently sold to General
sof . years ahcad for two rcasons: istic of thc CFB boiler offers better space  Motors Corp differ from the CFB sys-
. First, the changing cconomics of utilization, greater fuel-particle and sor-  tems discussed thus far in that the lower
™ P cogencration dictate incrcased use of bent residence time for eflicient combus-  part of the combustion chamber contains
sm- ! low-grade fuels and industrial waste tion and SO, capture, and casier applica- 3 dense bed of large particles of river
rac- . products for such projects 10 remain via-  tion of staged-combustion techniques for rock which do not leave the combustor
/, . . . . . . -
! b ble. AFB combustion systems are inher-  NO, control than bubbling-bed steam  (Fig 5). lts role is to increase the resi-
a , ently capable of burning these low-cost generators. dence time of the entrained bed of ash
inge i sources of encrgy. as the tables show. The most popular CFB designs among  particles, fuel, and limestone in the com-
‘owe 1 Sccond, acid rain and other environmen-  industrial users are the two described  bustor and to promote proper mixing of
ne . tal issucs mean cven tighter controls on  carlicr: systems like Pyropower's at  these constituents.
. $ stack cmissions in the future. The low  Nucla station that do not have an exter- In the GM unit illustrated, note that
1ive ] combustion temperatures used in fluid-  nal heat exchanger and those like Lurgi's  the combustor has no heat-transfer sur-
P ——
)
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fyce. Combusiion - tumperiature 18 con-
trulled under normal conditions (o 1650F
50 deg F by the reinjection of rela-
tively voot ash, fuel, and limesione via
ports in both the uxidizing and reducing
zones of the combustor. Revycle of hot
solids is used Lo increase the residence
time of dilficult-to-burn fucls—such as
pelrolcum ¢oke —and 1o allow fast stan-
up of {he system

Foster Whegler's new CFB (Fig 6)
incorporates duesign (catures that have
wurked well in the company’s bubbling-
bed units. These include:

8 A wuter-cooled plenum and grid
plate 1o climinate problems resulting
from prid-plate lcakage and to atlow
quick slartup by in-plenum burners.

® A hot-recyele cyclone specially ea-
gineered for rapid startyp ond minimum
refractory maintenunce.

& Mcmbrane walerwall surface ex-
tending the fufl length of the combus-
lor.

Uait shown, with a lwo-drum boiler
bank, is (or pressures up 1o about 900
psig: a single-drun design would be used
for higher prussures. Unit sizes extend
up 10 700,000 1b/hr.

Bubbling-bed boilers

Bubbling-bed sieam generators come
in 2 variety of designs—including water-
tube, Arciube, and combination water-
tube/firctube Lypes: units with single or
dual beds, bolh shallow and deep, etc.
Sizes runge from the smallcst AFB boil-
crs offercd to the largest, as evidenced by
TVA's commitment.

For capacities less than about 50,000
Ib/hs, horizonial firetube designs gener-
ally are most economical, though vertical
firctubes are appropriate for outpus
below 10,000 I8/hr. Hybrid boilers, con-
sisting of a watertube combustion cham-
ber and Kirctube convection section, can
extend the range of reiatively low-cost
conslruction up (0 about 90,000 1b/hr
and increase the nominal 300-psig pres-
sure limit on firetube boilers to 500 psig.
Watertube AFB boilers gencrally are
specified for outputs abave about 50,000
Ib/hr and for high pressures.

The price of bubbling-bed steam sys-
tems is dropping as experience builds
and manufacturers can better predict
perfarmance and the cost of construc-
tion. In fact, you no longer have lo pay a
premium for the fuel Aexibility and pol.
lutivn control offered by AFB-baoiler
plants rated less than about 200.000
(b/hr. They can be had, from at least
sume manufacturers, for ubout (the same
price as an unscrubbed stoker-fired facil-
ity. Combustion-cthiciency guaraniees of
97-98% can be obtained when quality
cnals are burned.

Regacding absarplion of SO, cxpe-
ricnce with goad cuoals and practical
limestones in bubbling-bed builers indi-
cates that about 830%F retention is
required to meet the commonly specified
cmissions standard of 1.2 Ib SO/miilivn
Btu heat input. A rule of thumb is that a
Ca:S rativ of 2 can achicve this level
when operating in a stvady-state condi-
tion with the bed 1emperature close o
1550F.

Limestone consumption at a Ca:S
ratio of 2 is 6% Jb/ib of sutfur in the
cval. But, remember thutl because bed
temperalure and load are variable in
most cases, the actual limestone supply
must incorpurale a moderate safety fac-
tor. Recycle, of course, inmproves sorbent
ulilization. The tabular material on
pages S8 und S-12 gives uctual Ca:S
ratios for kcy unils, When reviewing this
information, bear in mind that il was
provided by the boiler manufacturer, aot
the user.

Availability data given on pages S-6
and S-10 indicate how (luidized-bed boil-
crs yre performing under actual industri-
al conditions. Unfortunately. most man-
ufacturers completing POWER's question-
naires did not have access 10 the neces-
sary plant data or the plants were not
keeping this information.

The fiest sevea months of operating
cxperience {or the £20.000-Ib/hr single-
cell bubbling-bed boiler instutled at Mid-
west Solvents Co. Pekin. (I, illustrate
just how far the (echnology has come in
a few short years. The first coal tire in
the unil was ignited last May, only {6
moanths aflter cantract award. Through
the end of November. availability of 1he
snit was 93.3% with no forced outages.
Operators consistently have been able to
tuen down Lhe boiler to 25% of raled toad
and regularly have incceased steam out-
pul by as much as 20.000 Ib/hr over a
30-scc period without more than a i35-
10-psi drop in outlet pressure. These load
changes have been accomplished with
the unit in automaltic control.

£rosion of in-bed tubes is an arca
of coneern in the design and operation of
bubbfing-bed boiters. Though 1he fiteea-
lure (Refs 13, 14, | §) reveals wear prob-
lems. many boilers vperale wilh negfigi-
ble erasion. Encouraging news on indus-
try’s ability to dest with crosion comes
from Central Soya Co, Marion, Obhio,
where 3 40,000-tb/hr firetube unit went
into service in April 1930,

By the end of 1981, after 6300 houvrs
ol operation. sidewall wear of up fo
0.080 in. was noticed: weld-buildup and
a metal-spray trcatment were prescribed.
Afler 10,400 hours, [2 in-bed tubes had
10 be replaced with Schedule 80 pipe.
Only 4000 hours later, operators fouad

the wriginal mcalspray counting worn
away: a new codting was applied and
wear lins made popular by the Chinese
(POWER. March 1983, p 59) were welded
to the 1ubes. After-annther 10,000 hours,
the tubes and fins have eahibited onty
some minor metal loss, =

Reterences, puggested resding
I AM Mangher and P © West (TVA), Siatus of
ytdity flvioired-ded cCommeraal development,
Coal Technoiogy ‘04, rousion, Novembes 1384
2 F A Meacoch Jr, M B Devereux, end X J
einecivel (Colarado-Ute Eecing Assn ing), CF 8
1ecnnDiogy appbed 10 kie exlensian of Nucdls
genersling station, Joint Power Ganeralion
Conterence. Toronio, Oclober 1984
3 F Engstrém (A Ahfaredm Oyl Pyrofow = Muith-
tuel CFBC DONEr with mersmurm snpect on (he
evvwonmant, Fluidized Cambusiion Conlarence,
London, Octaber 1984
4 1R Zytwowsal (Noribem Slates Powrar Co), B C
Krippene (S1one & Wabsier Engineering Corp)
and A L Gambia (Faster Wheeler Energy Corpl,
Emiasion reduciion, capecity increasa, and ufe
sxtension (hrough AFBC retrohl, Joumt Power
Ganerslion Conference, Toronio, Octaber 1904
§ JW Bass Il and M D High (TVA), Operating and
perioNTANnce ummary (or TVA's 20-MW AFBC
piiol plani, Fluldized Combusilon Canference,
tondoa, October 1984
6 $ Ouarling (Combustion Engineering Inc) and
others, Advaniages of iha Lwgl/C-E CFB boser
A handling muitipie lusia and vasrying ioad
'a. Coal Technoiogy ‘84, Houston,
Novemnber {984
7 ( Capusna and K Atsbey (Combusiion
Enginesring inc) and S A Fox (Luwrg Corp), CFB
steamn generalion, Mesiing ot the Pagfic Coast
Electric Agan, San Francisco, Masch 1984
8 The muiti-sold Auidzed-bed combun!ion
process, Ritley Sioker Corp. Worcanier, Mass.
October 1982
9 JL Cano (instituiio Mexicano det Peiroleo) and
L. § Coben (Saolida Clresiation Systems tc),
Solias circutalion boiler commaeraad piani, Coal
Yechnotogy ‘84, Houston, Novemder 1984
10 P Cosar (Fives-Call Babcock). Latest operalng
enperancs with fultized-bad combusiion
\gnittuld boilers, Firal internationst Fluidired-
Bed-Combution and Appiied. Tecnnology
Symposiom, 86N, Augusl 1983
11 J Hightey (Na(ionat Coal Board), Oevelapment
of Auldized-bed combusiion for industry, Fust
Inlernational Fuidized-Bed-Combduston and
Applied-Technoiogy Symposium, Belgng.
August 1983
12 M J Vire (Stone Johnston Corp). Operating
expearience with indusirial pachrged firetude
FBC bailers, Fluidized Combuation Conferenca,
Londan, October 1984
13 J Siringer (EPAI) and A J Minchanar (Nationad
Caal Baard|, Maiariats issues in the
daevetopmeni of luidized-bed cambusiion,
Fuidized Comoustion Canferance, London,
Ortober 1984
(¢ H Xobro (Studsvik Energliiennix ABL A
discussion of the oparaiion and paricrmance of
1 2.5-MW1 tas) fluidized-bed combuitor and a
18-MWA Bubbdiing-bed combusior, FAludceed
Combustion Conferenca, London, Ociober 1964
13 8 Leckner, B Andersson, and J Vijit (Chaimeny
University), Operational rasutts irom the 18-
MW BB at the Chaimers Univeruty, Fluldized
Combustion Confacenca, London. Ociober 1984
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s Signal Energy Sysisma, inc.

PRELIMINARY AFBC BOILER YENDOR COMPAR]SON April, 19585
Grant Grown

¥endor Bul Cf =st—e— L{N P FUC —a—— FWL k0 PIR =t pla |+ 5 SMC wan
Boller Type Wt Wt ¥t 14 Wt Wt" Wt Wt ND Wt Ft Wt Wt
Capscity, 103pgn 20224 100650+  270w534 SO +13% 40»31039 25w=117  11pd)? 84-+4925 #1=264 150+ 3+50 §=50 50 =-85
P, psig 1502400 ND no 6201500 125»=1525 350+ 1254310 190-=1510 1301275 00* 150« 24502650 15650
1. o 9551000 ND ND 6201000 Sat+=1005 Sat* Sat-+=900  Sat-+=-1005 Sate970  755¢ Sat* Sat Sat
Combustion Systew Iype Bb, Cb ND K9 8t Bb Co* B, Lb Ch s (9 Eb (4 [ 1Y
Fuel ¢, ¢ c c.! c C Pl LW ¢ C. % Pt C, st €, 0, NG, etc C, Pat. Ck. C
Fuel Size, Max, Inches 3, 1/4* HD ND 16 weshe 2, .1 2 U=, | i L1 H e 2i ]
Sorbent Size 178190 ND ND 5/16X18a 178X 16m NAp [, [1] ND ND .11} L1} ] 10, 1/810
Fuel Tnjectlon Hethod DiR, OvR, Und HD KD D8, Ovh, UnB DOvd av8 Ovh pin WD OvB (131 ] 13} ) +1] ]
Circulation thru tubes For ND NO For Hat for Nat NAp NAp For Nat For For
STMBOLS: BM - Babcock & Wilcox fo. Bb - Bubbling bed . Pt - Peat ROTE:

CE - Combustion Ingtmeering L - Coal, {oa] waste Sat - Saturated

LR - Lurgl (b - Circulating bed Und ~ Under bed 1. Also municipal wpstes,

CPL - Lombustion Power Co. 018 - Directly {nto bed ¥ -+ Hood, wood waste municipal sludges, tirea,

FWC - Foster Wheeler Corp. For ~ Farced circulation MWst - Hiscellaneous wastes petroleus coke.

WL = Foster Wheeler Power Froducts Lbtd. Ft - Fire-tube Wt - Water tube

EDO - Keeler/Dorr-0liver m - mesh = Affitiated companies

PIR ~ Pyropower - Hat - Natural circulation * =« Typical

AHL - A, Ahlstrom Co. MAp - Mot appliceble

RS = Riley Stoker Corp. HD - Ko data

SJC - Stone Johnston Corp. NG ~ Hatwral Gas

SdC = Struthers Wells Corp. 0 -0

WOR - Wormser Engineering, Inc. Ové - Qverbed

Pet. Ck. - Petroleum coke
Pri - Process wastes

3 INIWHOVLLY
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Signsl Bnergy Systems, inc.

AFBC BOILER DESIGN VARIABLE (CAUSE) vs. EFFECT MATRIX

EFFECT

DESIGN VARIABLE

{CAUSE)

A. Combustion Efficlency

B. Heat Transfer
C. S0, Emisstons

Em{ssions

E. Particulate Loading

F. Bed Sintering
G. Pluggage

0. NO

H. Pipe Erasion

Tube Erosion
J. Tube Wastage

1.

K. Tube Overheating
L. Warpage, Cracking

M. Turndown

N. Fluldizing Abflity

0. Startup Time

P. Poor Air Distribution
Q. Scale-up Problems

ATTACHMENT F

April, 1985
Grant Brown

U. Miscellaneous Mechanical
Problems

R. Refractory Cracking
S. Heat Release Split

flofler Pressure/Temperature

>4 7. 1 [In-bed Surface

N

Type Combustion System

> | »«

»

>

2

. Bed S{ze

8ed Arrangement

Distribution Plate Type

Alr Introduction Method

Fluidizing Velocity

D lIv|onnn|e|lw| N —
bl IR BN I

Excess Afr

°
»

Bed Temp. Range

o
h

Bed Oepth

| > | 2| | | >

| x| x|

-—
—

. Bed Differentfal Pragsure

—
~

. Heat Release Split

13.

Combustion Staging

14

freeboard Height

15.

Load Control Method

6.

Fuel

17.

fFuel Size

18,

Fuel Introduction Method

19

.

Recycle Amount

20.

Ash Introduction Method

™ | > | > | > [ >

21,

Sorbent

22.

Sorbent Size

23

>

Sorbent Introduction Method

24

Ca:S Ratie

| >x|>)r»x| ||| x|

25.

Startup Method

25.

Bed Tube Design

21.

Matertal Handling Design




APPENDIX G

Contents of Supplementary Volume®

1. Rotary Drill Hole Logs - 1985 Field Program
2. Core Logs - 1985 Field Program

3. Downhole Geophysics Logs - 1985 Field Program
4. Surface Magnetic Survey Data

S. Plate G-1 -- Interpreted Magnetic Data of the
Chicago Creek Area

6. Plate G-2 -- Overlay of G-1 -- 1983 and 1984
Magnetic Profiles

7. Plate G-3 -- Geologic Map of the Chicago Creek
Area (1" = 1,320"')

*
Supplementary material on file with the Alaska Division of Geological
and Geophyaical Surveys, Fairbanks.
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OH - |- 25
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SAMPLES DESCRIBED BY: E. M. ReTHerrop D

GEOPHYSICAL LOGS ______
TD. 34 ©1T.

COMPLETED

LOGGED BY

DIAM. & 2/

LOCATION: SEC. 22

T _6N. R _I1BW.

20 SEUTH oFE CRICAGe ¢ REEK

MERIDIAN KATEEL RIVER MEE.

— 7
1) ey ar’qa nies
ST (e amd logss
-5 BRER
Fiey
} bYadrok cubble
7
i 4,,///; | hare dritling
% 9r'¢¢r'\ shist
%//é {racreants
_Ig .//////l/ (f(_&)
7

.
'///

l-f'. gr‘az car bor)?rfe

frads .

”7////4 darkening

— 30

hard arilling

7,
,/%/ i+ o ay ¢arbonate

L35 & 7///
o
| 40 i It prown

muds / sand g

wifrici| veddad corp. shole

3 ‘waeathered " green

Sl gen e darker
) ol very soft

"._': sy ardling

w607 Aark loyer (6")
| 65 :‘: ..:i '.::" W
R A e

Nooeldkorn, soft <A
ol @ mud stona
wegthe red

and cary shaz
a5 opove

',‘  dark 4o blIck.
el OUsE Ano very
¢2asy drling

P > o
-- .lq
T dk.brn, ws 2bowvo

Col\tee brn. siviest

—kaIO/ srdle”

':zasy dml(inq

o A\ bra. shalos

- .'_~-' "‘i‘a\(_.y" as Avove
»‘-"-.'..':
DY g Bl

“9L%l s above

_lza ..l"'-"_‘: aazlv C\r”)lr\c)
129 i
'\" V¢r)’ Sk, prn,

% Ca2rb shale
130 el ——
|35 coal
— 4o
- 4S5
=4

o)

—|>5

—lb2

| 165

4

— 175

-Z10

215

— &0

ol vl lfers .color

"\ sorme gray enart

o
'5 ggad cozl

oo |tmed. br. shale

gacd coal

ceo al




LITHOLOGIC LOG OF CUTTINGS HOLE NO.PH - | - &5 PAGE_E cF Z
COMPANY HAWLEY Pesmuece CGroup appRess 221 CAD SEwARD HwY. Anes. Ak G202

PROJECT _CRicAGr CREEK STARTED _©/!?/€5  COMPLETED
CONTRACTOR GEOPHYSICAL LOGS______ LOGGED BY

SAMPLES DESCRIBED BY: K. M. ReTHER EorD T0._242 FT. DIAM. 4 2/a"
LOCATION: SEC. zz T &N, R_12W. MERIDIAN KATEEL Bver, MeR .
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DRILLER _A. THRASHER
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LITHOLOGIC LOG OF CUTTINGS HOLE NO.FH-Z - ¢'5 pAGE | ©F
company HAWLEY ReSource GROUP appress 72! OLo SewaRD HwY. ANcH., AK. 29502
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LITHOLOGIC LOG OF CUTTINGS HOLE NO il -2 = PAGE & <F Z
COMPANY PAWLEY Pescource (roupr ADDRESS 720! LD SEWARD Hwy. Anc <., ALDO507
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LITHOLOGIC LOG OF CUTTINGS HOLE NO.PH- B -85 PAGE _teoe Z

COMPANY HAWLEY Resougct GROUP aAppress 721 OLD SewsaRD HwyY. Awnch., AK. 99502

PROJECT _CHICAGo CRrEEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS______ LOGGED BY
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LITHOLOGIC LOG OF CUTTINGS

COMPANY RAWLEY Eeseuece (3reupP ADDRESS 7211 (v SEWARD Hwy Awek AkC

HOLE NO IWH.- =

"€ = paE L er Z
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LITHOLOGIC LOG OF CUTTINGS HOLE NO.YH -4 - €5 PAGE | o= |
coMPany HAWLEY Resource GROUP appress 791 2L SewarD Hw. AncH., AK 99502
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LITHOLOGIC LOG OF CUTTINGS KOLE NO,_WH- 5 — & PAGE | @F Z

coMPANY HAWLEY Resoyurce GROUP Appress 7211 LD SewaRD HwY. Anch., AK 295202
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CONTRACTOR GEOPHYSICAL LOGS____ LOGGED BY
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LITHOLOGIC LOG OF CUTTINGS HOLE NO ~ R 14 E - &9  ppgp_led |
COMPANY BAWLEY Resource GrouP appress 721 OL0 SewarDp HwY. ANcH., AK. 99502

PROJECT _CHIcAGo CRrREEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS____ LOGGED BY.
SAMPLES DESCRIBED BY: K. H TD. &5 FT. DIAM.
LOCATION: SEC. 22 T _©6N. R _IB W. MERIDIAN KATEEL RIVER MER.
DRILLER
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LITHOLOGIC LOG OF CUTTINGS HOLE NO.Ek= v3Ww - =t ppge | o |
COMPANY HAWLEY ResourCE GROUP Appress 721 Lo SewaArp HwY. Anch., AK 99502

PROJECT _CHICAGo CREEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS LOGGED BY
SAMPLES DESCRIBED BY:__T-K H. TD._49 FT. DIAM.
LOCATION: SEC. ___22 T _6N. R_IBW MERIDIAN_KATEEL RIVER MER.
DRILLER
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LITHOLOGIC LOG OF CUTTINGS HOLE NO. BPH - (5 =22 ppge L e F |
company HAWLEY Resource GrOuP appress 721 Ob SewsRD HwY. Awc., AK. 99502

PROJECT _CHICAGo CREEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS_______ LOGGED BY
SAMPLES DESCRIBED BY: LK. HinoeeHaN TD. 52 FT. DIAM.
LOCATION: SEC. ____ 22 T_6N. R_1BW. MERIDIAN KATEEL RIVER MER.
DRILLER
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LITHOLOGIC LOG OF CUTTINGS HOLE No Pt - le- == PaGE _Leo& |
cOMPANY HAWLEY Resource GrRoOUP aApDRess 721l 2o Sewarp Hwy. Awci., AK 99522

PROJECT _CHICAGo CREEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS_____ LOGGED BY.

SAMPLES DESCRIBED BY: M. RETHERFZRD 1D. B FT. DIAM.

LOCATION: SEC. 22 T _O6N. R_I8W. MERIDIAN KATEEL RIVER MER.
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LITHOLOGIC LOG OF CUTTINGS HOLE No, PH -G W [~ 25 ppgp Lt~ |
COMPANY HAWLEY Resource GROUP appress 7211 OLb SewsrD Hwy. Anci., AK 99502

PROJECT _CHICAGo CRrEEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS_______ LOGGED BY
SAMPLES DESCRIBED BY: K -H TD. 325 FT. DIAM.
LOCATION: SEC. 22 T_ON. R _18W. MERIDIAN KATEEL RIVER MER.
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LITHOLOGIC LOG OF CUTTINGS HOLE NO. PH - W Z-£5 ppgp_ | «F |
COMPANY HAWLEY ReSource GROUP aAppress 7211 OLb SewaRp HwY. Awncy., AK 99502

PROJECT _.CHICAGo CREEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS______ LOGGED BY
SAMPLES DESCRIBED BY: LK. H. 102 FT. DIAM.
LOCATION: SEC. _ 22 T_ON. R_IBW. MERIDIAN KATEEL RiVER MER.
DRILLER
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LITHOLOGIC LOG OF CUTTINGS HOLE No.PH-\F - <= PAGE I ¥ |
COMPANY BAWLEY Resource GrOUP appress 7211 O Sewnrkp HwWY. Anch., AK. 295202

PROJECT _CHICAGeo CREEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS__—_____ LOGGED BY
SAMPLES DESCRIBED BY:_TK.HINDERMHAN 10. 212 PT. DIAM.
LOCATION: SEC. ___22 T_6N. R_18W. MERIDIAN KATEEL RIVER MEE.
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LITHOLOGIC LOG OF CUTTINGS HOLE NO.ZH - (& 25 PAGE 1 o= |
coMPany HAWLEY ReSourct GROUP appress 7211 LD SewarD HwY. AncH., AK: 99502

PROJECT _CHICAGo CRrEEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS____ LOGGED BY
SAMPLES DESCRIBED BY: T-K. Hinper-Han TD L5 FT. DIAM.
LOCATION: SEC. ___2Z T_6ON.  R_18W. MERIDIAN KATEEL RIVER MEE.
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HOLE NO.FH- 19 ~ &6 PAGE \ ©F Z

LITHOLOGIC LOG OF CUTTINGS
company HAWLEY Resource GROUP aAppress 7211 OLD SewsRD HwY. AncH., AK 99502

PROJECT _CHICAGo CREEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS____ LOGGED BY_TK.H
SAMPLES DESCRIBED BY: X . HinperHAN TD. 252 FT. DIAM.

LOCATION: SEC. %2 T_©N. R_18BW. MERIDIAN KATEEL RiverR MER.
DRIl LER

Muek

g: “..’,‘ 1& Z

meel . br @ gray

seds.
— 7
3s ove
_‘5. ’
\ca
rr oray br. shale
aray br. sand
25 \zeal grave |

rad yellow shist

oreen aond rad
ya llow shist

br. to gray shale

e | med, groy shak

{ =< 2bovz

2¢ dbova

vt Aarkening br.

= shale to coal

‘-'mudy Ak, br.card

shole or codl

v, Ak, aull +»
uit, cod\

as dbove - naet

good coa|

— V0o

-\o%

- 1o

115

120

126

—1%2

—129

40

L 1as

g coal aoo% , 0%
] o, ohale partings

il 527 shole parts

ool 52, coal

shalae

baal

oo dull 4o

vit. cedl

dull o vit.
coal .

2% dbove

gray sho lz-

lost clire .
gray shale and
pri shale

pr, to black conl

oroy shaolz
5, cerdl

& 5% cod

\S5% shale

c%b}% shale

cod\, +r: shole

oot raturn
mestly coal

cod\-nat

e coa\

| Ao\l 1o vit.

cod\

s 2bove

{1 2s 2bove

| 25 avova, 30%

cavb., snale

aAs odbove

| e 2bove

gray shale

5| oroy shale

Shis+t+

K
] gray shala

Shist




LITHOLOGIC LOG OF CUTTINGS HOLE NO._WH - 19-#5 PAGE & o Z
COMPANY RawLEY Bescurce Grour ADDRESS P2 I Ao Sevarp Hwy. AucH., ALD2502

PROJECT _CHicadw CREEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS_____ LOGGED BYy_T KH
SAMPLES DESCRIBED BY: LK. H. TD. 25& FT. DIAM.
LOCATION: SEC. Zz T ON. R _IBUW MERIDIAN ¥AmEL Biver HMeR .
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LITHOLOGIC LOG OF CUTTINGS HOLE NOVH-19W ~ ©5 pace L oF |
company HAWLEY Resource GroOUP appress 7211 O Sewarp HwY. Anch., AK 99522

PROJECT _CHICAGo CRrEEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS______ LOGGED BY_TI\CH
SAMPLES DESCRIBED BY: LK. H. TD._&5 FT. DIAM.
LOCATION: SEC. 22 T_6N. R_ISW. MERIDIAN_ KATEEL RIVER MER,
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LITHOLOGIC LOG OF CUTTINGS HOLE NO.DZH- Z¢/ =% ppagE | <oF |
COMPANY HAWLEY Resource Group ADDRESS 72 L0 SewARD Hw. ANCH.', AK. 99502

PROJECT _CHICAGo CRrEEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS____ LOGGED BY
SAMPLES DESCRIBED BY: T.K. HiNDERHANM TD._&S FT. DIAM.
LOCATION: SEC. 22 T_©N. R_IBW. MERIDIAN KATEEL RIVER MER.
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LITHOLOGIC LOG OF CUTTINGS HOLE NO.PH-2Z1- 85 pace L oF |
COMPANY HAWLEY ResourcE GROUP apbress 721l LD Sewsarp HwY. AncH., AK. 99502

PROJECT CHICAGo CREEK STARTED COMPLETED
CONTRACTOR GEQOPHYSICAL LOGS__ LOGGED BY
SAMPLES DESCRIBED 8Y: T.K. FinpeERnaN) TD. 92 FT, DIAM.
LOCATION: SEC. 22 T_6N. R_1BW MERIDIAN KATEEL RIVER MER.
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LITHOLOGIC LOG OF CUTTINGS HOLE NO.PH - 22 -85  ppge_| =oF |
COMPANY HAWLEY Resourct GROUP AppRress 72! Lo SewarD Hw. ANc., AKL 99502

PROJECT _CHICAGEo CREEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS _—_______ LOGGED BY.
SAMPLES DESCRIBED BY: T¥-. HiNoeR mAwn T0. 170 &, DIAM.
LOCATION: SEC. 2z T._G6N. R, _I8 W. MERIDIAN KATEEL RIVER MER.
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LITHOLOGIC LOG OF CUTTINGS HOLE NO.VH-2Z E 25  page__loe |
coMPANY HAWLEY Resource GROUP appress 71 Lo SewaRp HwY. Anch., AK 99502

PROJECT _CHICAGo CREEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS______ LOGGED BY
SAMPLES DESCRIBED BY: LLK.H. TD._\5 FT. DIAM.
LOCATION® SEC. ___2Z T_6N. R _1BW MERIDIAN KATEEL RivER MER.
DRILLER
— ‘ — &7 —lbo

coa) chps - seds,
5 L g5 —165

Gramve |
—0 -0 - o

B | coal

L5 = -9§ , 175
70 00 120
-25 -\0F - (&4
30 Y (o0
| 28 L 1(5 F\M
42 120 ~Z
- 45 126 —Z05
%0 180 : L 210
55 — 135 , L2195
o2 ~ 42 -220
o5 - 145 -225
- 70 ‘ - 1= -Z%0
|25 o5 -Z35]
g2 — o —2.40

11 Mo




LITHOLOGIC LOG OF CUTTINGS

HOLE NO,_“H -23-25

COMPANY HAWLEY Resoyrce Group ADDRESS 721! aLpb SE\A’ARD Hw. ANcH., AK 9950;

PROJECT _CHICAGe CRrEEK
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LITHOLOGIC LOG OF CUTTINGS ROLE No. MH~ 25785 pAGE _Z oF Z
COMPANY PAWLEY Pesouzce Giroup appress 220 LD SEwARD Hwy. Anch., Ak 39502,

PROJECT _CHicase CREEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL {OGS______ LOGGED BY
SAMPLES DESCRIBED BY: T.%.H. TD. 23 FT DIAM.
LOCATION: SEC. ___ZZ T _&©N. R_IZBW. MERIDIAN KATEEL Biver Mee .
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LITHOLOGIC LOG OF CUTTINGS
COMPANY HAWLEY Resource GROUP appress 72! OL0 SewdRD HwY. ANcH., AK 99502

HOLE NO.

o by- ZF T

PAGE LoE &

PROJECT _CHicaGo CrEEK
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SAMPLES DESCRIBED BY: T-& HiNpE R™MAL]
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LITHOLOGIC LOG OF CUTTINGS HOLE NOo. VB--Z4 -85 ppop € oF Z
COMPANY RAWLEY Pesouece Giroup appREss 22U AP SEWARD PBwY. Anch., Ak Q9202

PROJECT _CHicase C REEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS___ LOGGED BY
SAMPLES DESCRIBED BY: V.M. TD._ 252 FT. DIAM.
LOCATION: SEC. =2z T ON. R_IBW. MERIDIAN KATeEeL. Biver MeR .
DRILLER
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LITHOLOGIC LOG OF CUTTINGS HOLE NO._vH - 25 -€5  pagp _F |
COMPANY HAWLEY Resoyrce GROUP appress 721 OLb Sewsrp HwY. AncH., AK 29522

PROJECT _CHICAGD CREEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS__ _ LOGGED BY
SAMPLES DESCRIBED BY: K HinbERHMAN TD. 125 FT DIAM.
LOCATION: SEC. __ZZ T_©6N. R_IBW MERIDIAN KATEEL RIVER MER.
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LITHOLOGIC LOG OF CUTTINGS HOLE No FH - wi=2 pace_lof 2
coMPANY HAWLEY Resourct GROUP appress 721 b Sewsarp HwY. Ancy., AK 99502

PROJECT _CHICAGo CREEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS___ ! OGGED BY
SAMPLES DESCRIBED BY: T.K_ N NDERHAN TD. 290 FT DIAM.
LOCATION SEC. 22 T_6N. R _I8W. MERIDIAN KATEEL RIVER MER,
DRILLER
Fa staina o>y | 07 br. 'l*'a
Byr.sads, o\ co3
- 5 L g5 1713
ﬁ)rﬁr‘&y Seds, I L@\ - A‘ A
o —90 - [P0
AA, AL AL
15 9§ — 175
Stream c)r'a\/a| AL AL
o0 12 R
kgl 20 Yo COAN
pss| 0 /o SN@Y2
o5 B
.~°'.‘ < A~ A
- 1o (00 s
ity o oray br.
-0 Shale
115 L 106 vy
i U o nmle - (0% caal
120 |z
12 R e —ry
oy ‘o] v onale
i 126 L zogpaiyl T cod!
L o Micaceous b, SR
i) ot A
u fag? 13 | 210 i
% ALA. ? _|orale, R0 %
’ Zoal
—\25 § 215 %% aull br,
ity med, bri shalz i coal - shale
AR | (40 —220 »6
e il c=0 snale
.‘ ;'A:'dku b(‘! Sha\d . ‘_l: w%om\
L 145§ 225 [
ot gray shale
| : R | 220l <
> e pr, carp, onale ppiogi—] SN2 12 20%
iz PO e coa
e 20 P00 L0 .2 3 s
i35 o — et
eoray shale Ll gray snald
] 20 % b, co3l 52 ]
v [ 74plaw




LITHOLOGIC LOG OF CUTTINGS HOLE NO.PH-Z& -5 ppge 2 o Z
COMPANY HAWLEY Pescuzce Grour ADDRESS P21 CAD SEWARD Hwy. Auck., Ak 29502,

PROJECT _CHicaar CrEEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS___ __ LOGGED BY
SAMPLES DESCRIBED BY:_TX.H, TD. 290 ET. DIAM.
LOCATION: SEC. =2 T.ON. Rp_lBW. MERIDIAN KATEEL. Brver MeQ..
DRILLER
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LITHOLOGIC LOG OF CUTTINGS HOLE NO.¥H ~ 27 - ¢ PAGE L oF Z

company HAWLEY Resourct GROUP appress 721l 9L Sewarp HwY. Anch., AK. 29502

PROJECT _CHICAGo CREEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS_______ LOGGED BY.
SAMPLES DESCRIBED BY: I K. HINDERHAN 0. 322 FT DIAM.
LOCATION: SEC, ___2Z T_ON. R_18W. MERIDIAN KATEEL RIVER MER.
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LITHOLOGIC LOG OF CUTTINGS HOLE No W11 = =" 7> ppog _Z oF Z
COMPANY RAWLEY Pesouece (arour Appress 721l (A0 SEWARD Fwy. Auck., Ak 99502,
PROJECT _CHicaar CREEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS________ LOGGED BY
SAMPLES DESCRIBED BY: _ LK. H. To. 330 FT: _ paMm.
LOCATION: SEC. ___Z2 T &N R_IBW. MERIDIAN KATEEL Biver MeR..
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LITHOLOGIC LOG OF CUTTINGS HOLE No, YR = Z8 755  ppgp_1 oF |

comPany HAWLEY Resource Group ADDRESS 72! 2L Sewirp HwY. AncH., A 995202
PROJECT CHICAGo CREEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS__—______ LOGGED BY

SAMPLES DESCRIBED BY:_T-K. HiNpERHAN TD0._2\@ FT, DIAM.
LOCATION:® SEC. 22 T _6N. R _IBW. MERIDIAN KATEEL RWER MER.
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LITHOLOGIC LOG OF CUTTINGS HOLE NO YH-29-25 PAGE _\ @+ &

COMPANY BAWLEY ResourcE GROUP appress 721 FLo SewrD HwY. Anen., AK 99502

PROJECT CHICAGo CREEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS_____ LOGGED BY.
SAMPLES DESCRIBED BY: LK. HinoERMAN T.0. <92 FT. DIAM.

LOCATION: SEC. ZZ T b6N. R._I18wW. MERIDIAN KATEEL RIVER MER.
DRILLER
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LITHOLOGIC LOG OF CUTTINGS HOLE NO.YH -~ Z9- 85 PAGE £ 8 &
COMPANY BAWLEY Pesoucce Girour appress 221 LD SEWARD Hwy. Awch., Ak 59502

PROJECT _CHicage C.REEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS______ LOGGED BY
SAMPLES DESCRIBED BY:_1.KX. H. TD. 290 FT, DIAM.
LOCATION: SEC. z2 T _&N. R_I1Z2UW. MERIDIAN ¥ATEEL Biver. MER. .
DRILLER
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LITHOLOGIC LOG OF CUTTINGS ROLE NO. PH. - 20E-2'5 prge_loF |
coMPANY HAWLEY ResourcE GrROUP appress 72Ul OLb Sewarp HwY. Awnch., AK 99502

PROJECT CHicaGo CREEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS___ _ LOGGED 8Y
SAMPLES DESCRIBED BY:_T.¥.H. T0._ 35 DIAM.
LOCATION: SEC. 2z T _6N. R _I8W., MERIDIAN KATEEL RIWER MER.
DRILLER
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O

HOLE No. ¥YH.- 20-835 ppge_

LITHOLOGIC LOG OF CUTTINGS
coMPany HAWLEY Resource GRroOUP appress 72! 90 Sewrrp HwY. Anen., AK. 99522

PROJECT _CHICAGo CRrEEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS_______ LOGGED BY
SAMPLES DESCRIBED BY: L& HinNOCERNAN 10._ 52 ET._ _ plam.

LOCATION: SEC. 22 T 6ON. R_IBW. MERIDIAN KATEEL RiVER MER,
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LITHOLOGIC LOG OF CUTTINGS HOLE No Y H = 20-€5 ppge 2 OF
company HAWLEY EESouece Groue appressioll Oup Sewsen Hudy, Aued. Ax 99502

PROJECT CHICAGO CREEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS_______ LOGGED BY.
SAMPLES DESCRIBED BY: _T.K .H TD._ 250 FT. DIAM.
LOCATION: SEC. T R. MERIDIAN KATEE L. RIVER HER.
DRILLER
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LITHOLOGIC LOG OF CUTTINGS HOLE NO.PH =21 -85  page | OF |
company HAWLEY Resouece Group ADDRESS 721 LD SewaArp HwY. Anch., AK 99522

PROJECT _CHICAGo CREEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS LOGGED BY
SAMPLES DESCRIBED BY:. K. HINDERMAN T0._ @5 FT, DIAM.
LOCATION: SEC. ___ZZ T _ON.  Rp_1BW. MERIDIAN KATEEL RIVER MEE.
DRILLER
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LITHOLOGIC LOG OF CUTTINGS HOLE NO.YH - BZ -85  ppge_loF |
COMPANY HAWLEY ResourcE GrouP appress 72 OLb Sewrrp HwY. AncH., A 29502

PROJECT CHICAGo CREEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS LOGGED BY.
SAMPLES DESCRIBED BY: 'K HiNpERMAW 10._ 45 ¥FT, DIAM.
LOCATION: SEC. ___Z2 T_6ON. R_IEBW. MERIDIAN KATEEL RIVER MER,
DRILLER
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LITHOLOGIC LOG OF CUTTINGS
COMPANY HAWLEY RESoOURCE GroupP ADDRESS 7211 OLD Sewsrp Hwy. ANCH.‘, AK. 929502

PROJECT _CHICAGo CREEK

CONTRACTOR
SAMPLES DESCRIBED BY: 1. % HiNDERHAN
T _©N.

ROLE NO _V-H. - 25-25
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LITHOLOGIC LOG OF CUTTINGS HOLE No.ZH — 23~ 25  pagE Z oF 2
COMPANY HAWEY Resource GRoup ADDRESS 78 OL O S£LkrO HLWY., Aven . A.. 99502
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LITHOLOGIC LOG OF CUTTINGS HOLE No,_©PH - 24 - S5 ppe [ oF |
COMPANY HAWLEY Resoupce GROUP ADDRESS 70! OLD Sewarp HwY. ANecl., AK 99502

PROJECT _CHICAGo CrEEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS____ . LOGGED BY
SAMPLES DESCRIBED BY: T K. HiNpepgMAan TD._1FO FT DIAM.
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LITHOLOGIC LOG OF CUTTINGS

COMPANY HAWLEY Resource GROUP appress 7211 b SewsarD HWY. ANch., AK. 99502
PROJECT _CHICAGo CRrEEK

HOLE No,. ZH - 35 -£25

pagE | oF |
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LITHOLOGIC LOG OF CUTTINGS HOLE NO VH - 36 -85  ppge__l oF |
COMPANY HAWLEY Resource GrROUP apprEss 721l 9o Sewsrp UWY. ANcH., AK 99522

PROJECT _CHICAGo CREEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL OGS LOGGED BY
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LITHOLOGIC LOG OF CUTTINGS HOLE No._“H = ©7 - €5 ppge | oF |
coMPany HAWLEY Resource GROUP appress 72! OLD Sewarp HwY. ANch., AK 29502

PROJECT _CHICAGe CREEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS_______ LOGGED BY
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LITHOLOGIC LOG OF CUTTINGS HOLE no,_UH —52-55 ppep_t oF |
CoMPANY HAWLEY Resource GROUP Appress 721 LD SewaRD HwY. Anch., AK 99502

PROJECT CHICAGE CREEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS LOGGED BY
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LOCATION® SEC. 22 T_O6N. R _IBW. MERIDIAN KATEEL RivER MER.
DRILLER _
2 _ ~87 oo —
] £ or, arey to 7/ R “
brown C/%
£ |
- 5 24 s g5 7oy, br and s
A, A wood ., +an st ltstone
.y -90 [T - o
A brdant :‘fﬂ
L5 oo 97 R L be silts.| [7F
graval Ly oned: DO :
0'?"0
70 o2 ‘;:ui-o;, —1Z0
or sSeds. 0o
—.25 d —‘95 ':,'.;"‘,;':-;‘ o\tl +_0 mad’ _‘@5
» pr. seds el b osilts,
|40 0L 0\, schist | o il mead to_ak 100
/ ¢ | RRR bri silTs,

35 % ALA ~15 :::.111""-'."“ 195
7 “."'q', A4 A »
7 L
|42 % 2o [ -z
%/ ‘ Ll AL A,

-45 4 126 _A'_“f:\ 208
%/%// graen ard H’; ’._'e.l A, A
Y ////% grey schist s a : w0
;/Z /é redd ish schist o A A
W NS ‘
%//Q// ] A A -
—bﬂ rr//// | (4 ol _220
‘{J/%)« rad ard 1t,
%//% gray sehisT
-67 //é/;///; - 145 225
f/////// v. \tgresy clay-
//% rieh =schist
- 70 77'// r_w af\’_D\ q@y 74 \ L 250
Schnist
bl. schist | e | 736

(V7] —Z40




LITHOLOGIC LOG OF CUTTINGS HOLE NO. ZH -2 W-2t ™ pasE | op |
COMPANY HAWLEY Resoupct Group ADDRESS 7211 LD SewarDp HwY. ANCH.:, Al 99502

PROJECT _CHICAGo CREEK STARTED COMPLETED
CONTRACTOR GEOPHYSICAL LOGS LOGGED 8Y
SAMPLES DESCRIBED BY:_T.K.H . TD._S&O FT DIAM.
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1C -85
Hole No.

COAL CORE LOG

Project: cHIcheo CREFK Date: &/ 1B (8BS

Geologist: _7.K, Mindrrmam Driller: A Tbrrsshe—

Drill Type: Ma;;/,w /ovD 4"”/6‘/'- Sample Type: .SS’//O' DIA: 2% "

| |[RECOV~[BAG/| TYPE |FROZEN]

|
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Hole No.

Hawley Resource Group, Ime. / 7011 0ld Seward Righway, Anchorage, AK 99518
(907) 349-4673



24 -25

Hole No.
COAL CORE LOG
Project: | (ACGD e Dete: _G/2C/85
Geologist: BT e Sow O Driller: THreasHere A

/
Drill Type: _N\&.rhav.- (oo - Air /Rt Sample Type: 55,/’ o' Dp1aA: 13/5’

I IRECOV~{BAG/| TYPE |FROZEN |

I
DEPTR IRUN | ERY [BOX |ANALY-| / ILITHIC]
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Hole No.,

Hawley Resource Group, Imc. / 7011 0l1d Seward Bighway, Anchorage, AR 99518
(907) 349-4673



2 -85
Hole No.

COAL CORE LOG

Project: SHICAGO (L. Date: c/27) &5

Geologist: _R.NA, Q"*L\Pr‘ﬁ)f/‘ Driller: _A. Theshe—
Drill Type: N\#—}L\pur’ loot) A —~Fsl. Sample Type: s5/10' pla: 2%8”

| JRECOV-|BAG/ | TYPE |FROZEN] |
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Notes:
2C—-R85
Hole No.

Hawley Resource Group, Ime. / 7011 0l1d Seward Highway, Anchorage, AR 99518
(907) 349-4673



2 (- B5

Hole No.
COAL CORE LOG
Project: CWicChkGo CE. pate: &/2%/85
Geologist: . WA, (?_P*H-\pwcorr)\ . Driller: A Thvishe—
Lt ' n
Prill Type: Jaeﬁim/ A [ ot Sample Type: _ SS /1O DIA: 2%b
I [RECOV- [BAG/| TYPE |FROZEN| I
DEPTH |[RUN | BERY |BOX JANALY-| / |LITHIC|
(FT) I(FT)I (FT) |[NO., | SIS |THAWED| LOG | DESCRIPTION
I I !
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Hole No,

Hawley Resource Group, Inc., / 7011 01d Seward Highway, Anchorage, AK 99518
(907) 349-4673



2 C-685

Hole No.,
COAL CORE LOG
Project: CHIC hO  CBEEK Date: _(/2%/BS
Geologist: E”N\.G224k0'£5n> Driller: A Threshe
Drill Type: }4%¢wJ"UUD — A /ot Sample Type: SS/IO' DIA: 25’
| |IRECOV-|BAG/ | TYPE |FROZEN]| [
DEPTH |RUN | ERY [BOX |ANALY~| / |LITHIC|
(FT) |(FT)| (¥T) |NO., | SIS |THAWED| LOG | DESCRIPTION
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2C-85
Hole No.

Bawley Resource Group, Inc. / 7011 0ld Seward Righway, Anchorage, AK 99518
(907) 349-4673



2C -85

Hole No.
COAL CORE LOG
Project: CHICAGO  Creer Date: £/28) =S
Geologint: B M. Retev fod Driller: A Thrsher
Drill Type: Mg.jkm.r oo A [ Rat, Sample Type: _SS/ |o' DIA: Z->/s
| |[RECOV- |BAG/ | TYPE |FROZEN]| [
DEPTH|RUN | ERY |[BOX |ANALY-| / ILITHIC]
(PT) I(FT)| (FT) INO. | SIS |THAWED| LOG | DESCRIPTION
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2 =85

Hole No.

Bawley Resource Group, Inc. / 7011 0ld Seward BHighway, Anchorage, AR 99518
(907) 349-4673



2(-85

Hole No,
COAL CORE. LOG
Project: lHICAGCO (P K . Date: _¢&/28)85
Geologist: R.M . e L\.wLm\ Driller: _A. Thrcr
Drill Type: _fesbew [ooD  Av /R, Sample Type: _%S /lo’ DIA: 23"
y 4 L
I IRECOV- |BAG/ | TYPE |FROZEN | I
DEPTH |RUN | ERY |[BOX JANALY-| / ILITHIC]
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602 — 65
"Bole No.

Bawley Resource Group, Inc., / 7011 0l1d Seward Bighway, Anchorage, AK 99518
(907) 349-4673



£C2-85

Hole NO.
COAL CORE LOG
Project: CHICAO CR. Date: 7/ 4/ 85
Geologist: _R.M. Rether fod . Driller: A. Theshkor
Drill Type: I\f\w oo Ssmple Type: _S$5/ 1o° DIA: 2%
I {RECOV-|BAG/| TYPE [FROZEN] |
DEPTHIRUN ] ERY |[BOX JANALY-| / |LITEIC|
(FT) {(PT)| (FT) INO. | SIS |THAWED| LOG | DESCRIPTION
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Notes:
¢ C2~85
Hole No.

Bawley Resource Group, Inc. / 7011 01d Seward Highway, Anchorage, AK 99518
(907) 349-4673



7L -85

Hole No.
COAL CORE LOG
Project: CHICAED (R. Date: #3385
Geologist: AW f?e‘*bvv‘FDfJ . Driller: AL Thresbeor
Drill Type: N\p;lf.(w oo Av /Rt Sample Type: _55/10’ DIA: 2% "
I IRECOV-[BAG/ | TYPE |FROZEN| |
DEPTE |RUN | ERY |BOX |ANALY-] / ILITEIC |
(FT) I(FT)I (FT) |NO. | SIS |THAWED| LOG | DESCRIPTION
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FC -85

Hole No.

Hawley Resource Group, Inc. / 70)1 01d Seward Righway, Anchorage, AK 99518
(907) 349-4673



7 -85

Hole No.
COAL CORE LOG
7
Project: Cercat=0 (RecEK. Date: 2/9 /85
Geologist: R.M,Rethe~ o). Driller: A Tinyrshes
Drill Type: _Megben looD k""/ﬁp‘.’»‘/ﬂ Sample Type: _SS /1o’ DIA: _234"
| |[RECOV=- |BAG/| TYPE |FROZEN| ]
DEPTH |RUN | ERY |BOX |ANALY-] / ILITRIC]
(FT) [(FT)| (FT) INO. | SIS |TBAWED| LOG | 05, DESCRIPTION
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Notes:

FC-85
Hole No.

Hawley Resource Group, Inc. / 7011 01d Seward Highway, Anchorage, AK 99518
(907) 349-4673



7L -85

Hole No.
COAL CORE LOG
Project: CHICAGD CEREEK . Date: #/ !O/éS
Geologist: R .M. Rether Fum* Priller: _A. Thresher
Drill Type: _ﬁgghmu looco___ Aiv /RS Sample Type: SS /1o D1A: 23"
[ |IRECOV=-{BAG/| TYPE |FROZEN| |
DEPTH |[RUN | ERY [BOX |ANALY-] / {LITHIC]
(FT) I(FT)I (FT) INO. | SIS |THAWED| LOG | DESCRIPTION
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Notes: Ao Run B2 o bmied arother hale o 80’

3 C-8%5
Hole No.

Hawley Resource Group, Inc., / 7011 014 Seward Highway, Anchorage, AR 99518
(907) 349-4673



R~ 85

Hole No,

COAL CORE LOG

Froject: CHICAGD cRresIc Date: _Z/10 /PS5

Geologist: _T ). K6 thrdev maum Driller: A, Theshas
Drill Type: _M%L@r o000 I/A\C/'/JQII‘- Sample Type: _SS / 10 DIA: 2B

I [RECOV~ |BAG/| TYPE [FROZEN| I

DEPTH(RUN | ERY |BOX |ANALY-| / ILITHIC|
(¢rT) I(PTY{ (FT) |NO. | SIS {TBAWED| LOG | DESCRIPTION
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Notes:
250-85
Hole No.

Hawley Resource Group, Inc. / 7011 0l1d Seward Highway, Anchorage, AK 99518
(907) 349-4673



8- ]S

Hole No.
COAL CORE LOG
Project: CH-ICAT- CPEE E Date: Z/\o /85
Geologist: _T kK. Hirnderwap Driller: A Threhe~
Drill Type: M;\},qu,; fa's/® Aﬂ’/Po‘I. Sample Type: 55/ lo’ DIA: 2¥8 "
| [RECOV-|BAG/| TYPE {FROZEN|
DEPTH |RUN | ERY |BOX [ANALY-| /  ILITHIC
(FT) {(FT)! (FT) INO, | SIS |THAWED! LOG DESCRIPTION
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Notes:
AC-BS
Hole No.

Hawley Resource Group, Inec, / 7011 0ld Seward Highway, Anchorage, AR 99518
(907) 349-4673



-85

Hole No.
COAL CORE LOG
Project: CHICAGD  CPEE=X Date: Z/i0] 8BS
Geologist: _T: K. Hivderwaan Driller: _A Thy.chwr
Drill Type: M:j\v-pw 5o Ai- /Rgt Sample Type: S5/ 1o’ DlA: 25/B ’
I (RECOV~- |BAG/ | TYPE [FROZEN| |
DEPTR |[RUN | ERY [BOX [ANALY-| / |LITRIC |
(FT) I(FT){ (FT) [NO, | SIS |THAWED| LOG | DESCRIPTION
I I I I
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Notes:
8 (-85
Hole NOQ

Hawley Resource Group, Inc. / 7011 01d Seward Righway, Anchorage, AK 99518
(907) 349-4673



BC-85

Hole No.
COAL CORE LOG
Project: CHICAG D CREEL Date: 7/!0/65"”
/)20
Geologist: _£.m, Ee’fAPfM- Driller: A . Threche—
Drill Type: Majhes /(0D Air /fos7. Semple Type: _3S //0’ DlA: 23 "
I IRECOV- |BAG/ | TYPE |FROZEN] |
DEPTH(RUN | ERY [BOX [ANALY-| / |LITHIC|
(rT) I(PT)| (FT) INO, | SIS |[THAWED| LOG | DESCRIPTION
| I I | I ! |
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Notes: Slgup\ £ relzbo - ru-lv‘PA
gt -85
Hole No.

Bawley Resource Group, Inc. / 7011 0ld Seward Highway, Anchorage, AK 99518
(907) 349-4673



HOle No .
COAL CORE LOG
Project: CHicat=D0 (&, Date: _ 7/ \\ [ 8BS
t: 20 AMA

Geologist: R.M, Rodlerfore. Driller: & Thusher
Drill Type: jﬂ&thLzaD A [ PA . Sample Type: _ SS/to’ DIA: 2% ”

I JRECOV-|BAG/| TYPE |FROZEN| |
DEPTR |RUN | ERY |[BOX [ANALY-] / |[LITEIC]
(FT) [(FT)[ (FT) INO. | SI8 |THAWED| LOG | DESCRIPTION

| I I I I
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Notes: Rotwio-l L.tk 4o 504,
g¢-85
Hole No.

Hawley Resource Group, Inc. / 7011 01d Seward Highway, Anchorage, AR 99518
(907) 3459-4673



Project: (HICA GO

3C -85

Hole No,

COAL CORE LOG

CrEes

Date: */1l /85

Geologist: T, K, tHindermanm

Driller: A . Thve shew

Drill Type: Meoilbhos looo  Av /Bt Sample Type: SS /1o DIA: 238"
- : <8
| |IRECOV-|BAG/ | TYPE |FROZEN|
DEPTH [RUN | ERY [BOX [ANALY-| / ILITHIC]

(FT) {(FT)’ (FT) |NO,
|

| SIS

[THAWED | LOG

DESCRIPTION
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Notes:
RC-p<
Hole No.

Hawley Resource Group, Inc.

/ 7011 01d Seward Highway, Anchorage, AR 99518

(907) 349-4673



5¢ -85

Bole No.
COAL CORE LOG
Project: CHIChkeo CREER Date: _7# /U1 /RS
Geolopist: _T.¥K, Wivdrorrze Driller: A Threch,~
Drill Type: _Meylveor lomo  Aiv /@5t Sample Type: SS/ 10 DIA: 2B
= ; LXS
| [RECOV- [BAG/| TYPE [|FROZEN] [
DEPTH |RUN | ERY |BOX [ANALY-] / |LITHIC]
(FT) [(PT)| (FT) INO., | SIS |THAWED| LOG | DESCRIPTION
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Notes: (o=l Lola b ML
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§¢ — 85
Hole NO.

Hawley Resource Group, Inc.

/ 7011 01d Seward Higbway, Anchorage, AKX

99518

(907) 349-4673



(-85

Hole No.
COAL CORE LOG
Project: CHICAL cREEK Date: /1 /85
Geologist: T)< o find prman Driller: A Threcher
Drill Type: /’74;/@; /00D A 18 Sample Type: _SS / /O p1A: 2% 7
[ IRECOV-[BAG/| TYPE |FROZEN| |
DEPTH |[RUN | ERY |BOX |ANALY-{ / ILITBIC]
(FT) [((FT)!| (¥T) INO, | SYS |{THAWED| LOG | DESCRIPTION
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Notes: ()‘p.,» rmlr'.d(); bcjw PP RTS PR s rup T
9( -5
Hole No. -

Hawley Resource Group, Inc. / 7011 01d Seward Highwey, Anchorage, AR 59518
(907) 349~4673



9085

Hole No.
COAL CORE LOG
Project: CHICACD crRECTK ) Date: F/ 1) /85—
Geologist: _[.\<. HWindervnoon . Driller: A Twhrgher
Drill Type: MA;LW oo - A /R4 Sample Type: S /10’ D1A: 2¥8 "
[ [RECOV-|BAG/| TYPE |FROZEN]| |
DEPTH |[RUN [ ERY {BOX |ANALY-] / ILITRIC|
(PT) I(FT)] (PT) INO. | SIS |THAWED| LOG | DESCRIPTION
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Notes:
9C¢ -85
Hole No.

Hawley Resource Group, Imc, / 7011 0l1d Seward Bighway, Anchorage, AK 99518
(907) 349-4673





