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Dear Librarian:

Please place the enclosed document with the rest of the Exxon Environmental
Impact Report (EIR) material. This item is a copy of Exxon's responses
(dated March 16, 1984) to recent Department comments (made during

meetings with Exxon on February 29, and March 1, 1984) on the firm's
proposed Crandon Mine Project Air Permit Application. Department comments
are reiterated in Exxon's response.

. Persons wishing to comment, or who have questions regarding this item,
may contact Steve Klafka, DNR, Bureau of Air Management, Box 7921,
Madison, WI 53707.

Thank you for your assistance.

Sincerely,
Bureau of Environmental Impact

st Neloor

Carol Nelson
Environmental Specialist

CN/bib
Enc.

cc: S. Klafka/AIR-3



EXXON MINERALS COMPANY

P. O. Box 813, RHINELANDER, WISCONSIN 54501 CRANDON PROJECT

March 16, 1984

Reference No. 4530
Air Pollution Control Permit
Application

Mr. Steven J. Klafka

Engineering & Surveillance Section
Bureau of Air Management

Wisconsin Department of Natural Resources
P. 0. Box 7921

Madison, WI 53707

Dear Mr. Klafka:

As per telephone conversations and the meetings with Richard Herbst,

Wayne Sadik, and Joseph DeMarte February 29 and March 1, 1984, this letter
presents responses to comments from the Bureau of Air Management staff. Since
no formal written review comments were submitted to EMC by DNR, we have
presented the comments in separate form as recorded in our meeting notes. We
believe the major aspects of all the comments are presented and the responses
adequately address the content of the comment. Should any of these comments
and/or responses not represent adequately the requested information, please
notify Richard Herbst as soon as possible.

We concur with your recommendations to use the estimated emission rates that we
have previously provided for the mobile and stationmary TSP sources in the
modeling for the revised air permit application. The stationary source
emission rates will be adjusted to include operating efficiency rates with our
permit conditions, but they will not be below required state or federal levels.
The estimated emission rates for the fugitive sources will be provided to you
at the end of the month. Hopefully, we can finalize with you all of the
emission rates to be simulated in the modeling efforts by the second week in
April. This would maintain the schedule agreed upon at the meetings.

v it OF o ON CORPORATION



Mr. Steven J. Klafka -2- March 16, 1984

Richard Herbst will contact you in early April to discuss the need for a
meeting on the emission rates. Should you have any questions or comments,
please do not hesitate to contact Mr. Herbst or me.

Very truly yours,

EXXON MINERALS COMPANY

rmitting Manager

BJH:JAD:ef



February 29, 1984 Meeting Comments

Comment No. 1:

Provide manufacturer's brochures describing the insertable collectors used
in the coarse ore storage building.

Response:

The insertable particle collectors presently included in our design are a
DCE Vokes Model DLM-V or equivalent. The attached vendor supplied
information describes the principles of operation and other detailed
specifications.

Comment No. 2:

Provide manufacturer's brochures describing the wet scrubber used in
secondary and tertiary crushing and screening.

Response:

The wet scrubber presently included in our design is a Ducon Type UW-4,
Model IV or equivalent. The attached vendor supplied information describes
the principles of operation and other detailed specifications.

Comment No. 3:

Provide a copy of the source used for determining the emissions from the
temporary diesel generators.

Response:

The emission factors used to estimate the emitted air contaminants from the
temporary diesel generators were extracted from EPA, NEDS, Section 3,
Chapter 7, Subject O, p. 5, dated January 3, 1976. This information was
provided to the DNR at the meeting in Madison on February 29, 1984 and is
also attached as part of this response.

Comment Nos. 4 and 5:
Where are the estimated fugitive dust emissions accounted for from the

construction of the access road (Comment No. 4) and railroad spur (Comment
No. 5)7?



Attachment for Comment No. 1
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DCE VOKES Inc.
11301 Electron Drive
Jeffersontown
KENTUCKY 40299

Tel. (502) 267-0707
Telex 204306

Frescom from patent restnctions must not be assumed
DCE VOKES raserve the night 10 Change speciiicalions wiihout nolice
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DCE Dalamatic insertable Filters

NEW BIGGER RANGE

DCE has more than doubled its range of Dalamatic automatic Insertable reverse jet filters by
introducing a new 1-5m long filter element and increasing the maximum number of
modules from two to three. The range now consists of 79 filters made up from 14 sizes of
fabric area, 15 different filter configurations and four types. The new bigger sizes (30m?
and 45m? fabric area) have been developed to meet the increasing need for larger filters in
the handling, processing and storage of bulk materials and powders. At the same time
more sizes have been added to the middle of the range to increase its flexibility.

The new filters enjoy the other advantages of Dalamatic Insertables. They are easy to
assemble and have excellent seals. Flat pad-shaped filter elements ensure compactness.
No moving mechanical parts are involved. Filter elements are cleaned in turn by a brief
burst of compressed air in the reverse direction to that of the main air flow. This is
automatic and continuous, using an electronic controller of total solid state design. Only
top quality felt media — vital to proper filter performance — is used. Advanced automated
production methods ensure accurate components and inherently strong high quality
products.

TYPES OF FILTER

There are four types in the DCE range of
Dalamatic Insertable Filters:

SIZE RANGE

Each type is available in 14 different sizes with
varying filtration capacities. They are based on

Type B Basic filter for pressure systems sited
internally.

Type H Filter with exit Header for connection to a
fan or discharge ducting. The filter is
weather-proof and suitable for internal
and external applications.

Type W Filter with a Weather cow/ for pressure
systems where the filter is located out-
side or exposed to adverse site con-
ditions.

Type F Weatherproof filter fitted with a Fan for
applications normally operating below
atmospheric pressure. All fans are
integral, with a choice of two or three on
most sizes.

two sizes of seal frame, containing either six or ten
filter elements in one of three lengths: 0-7m, 1-0m
or the new 1-5m. These are assembled into single
module sizes which can be joined together in twos
or threes as shown in the configurations opposite.

FILTER DESIGNATION

Dalamatic Insertable Filters are identified by the
tetter reference DLM-V followed by figures
denoting (i} the fabric area and (ii) the length of
element (see table opposite). A final letter
is added to indicate the Type. For example:
DLM-V4/78; DLM-V30/15F etc.

€



THE FULL RANGE OF SIZES |

NEW filters shown on blue panels

Number_ Length

Feen LT AT i T

- e e

DLM-V4/7 4m? (43f2) 6 0-7m 700 400

TR
-

DLM-V6/10 6m? (64ft?) 6 1:0m w 1000 600
T &

DLM-V7/7 7m? (75f12) 10 0-7m

1250 700

T L T B s T A T et e YT Y Wy AT e

- 8m? (86ft7)

- DLM-V8/7 -

. DLM.V8/15 .-

-

D e o e i R s s L

DLM-V10/10 10m? (108f12) 10 1750 1000

DLM-V12/10 12m? (129f12) 12 1:0m 2000 1200

DLM-V14/7 14m2 (150f12) 20 0-7m Rt 2400 1400

o Teteas et ol et A - aT e PN

DLM-V15/15 = 15m? (161ft) 10 - 1-6m - 1500 -

-, ke ST = ¢
Ao gy At

‘DLM-V18/15 18m* (194ft) 12 . 15m

DLM-V20/10 20m? (215f12) 20 1-:0m I i Hﬂiﬂ 3500 2000

S ISWME T — iy T _ew e L My ek e e FEGWWRCS " e o L T WA » W A0,

DLM-V21/7 . 21m?(226ft") . 30 - 0-7m

_ DLMv30/10 T 30mr @230 30 . tom || | d . .s100 3000
-DLM-V30/15  30m? (323ft') .-20 - 1:5m . 7+5100 © 3000 -

e e g L - B - Lege * =
- DLM-V45/15 45m? (484ft?) 30 1-6m | ‘ .~ 7650 4500

T

-----

*NOTE: The air volumes shown above must be taken as a rough guide only. They can vary considerably
according to the nature of the dust involved.
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THE DALAMATIC

DALAMATIC reverse jet fabric filters are designed for continuous operation on applica-
tions where product or nuisance dusts are involved and where high collection efficiencies
are required. The Dalamatic is capable of filtering heavy dust burdens at a high filtration
velocity and a constant level of resistance. Collection efficiency often exceeds 89:99%.

The Dalamatics have proven themselves through years of successful performance and
have gained wide acceptance in the world’s most demanding markets. The improvements
in the current design have resulted from the experience gained through thousands of
installations cleaning millions of CFM. These modifications have improved filter per-
formance, capacity, and convenience of maintenance, without increasing costs. Today's

Dalamatics meet today’s rigid requirements.

Some Dalamatic advantages:

o Downward Flow

The top inlet of this filter insures a downward
flow and more effective operation. Other types
with bottom inlet and upward air flow have a
higher pressure loss for a given filtration velocity.

©® Cleanside Access

Full width access from the clean air side makes
inspections and changing of filter envelopes
easier and safer. Access from the dust side — as
on some competitive models — is always
unpleasant and may even be dangerous when
toxic contaminants are involved.

@® Convenient Envelope Size

Filter elements are designed so that one man can
change a filter envelope without help. In some
designs this is impossible.

® No Moving Parts

Filter envelopes are cleaned in turn by a brief
burst of compressed air in the reverse direction of
the main air flow. This is electronically controlled,
automatic and continuous. With no moving
parts, filter reliability is greater than with
mechanical cleaning systems.

® Advanced Production Methods

Our designs utilize sophisticated manufacturing
techniques which produce a sturdy filter casing at
a relatively low cost.

® Tight Envelope Seals

The Dalamatic method of sealing each filter
envelope by compressing an integral sealing ring
between the insert header and the seal frame
insures a tight seal — without screws and toggle
bolts.

® Easy Access to Controls

The controller and filter cleaning assembly are
located below the clean air chamber for easy
access and adjustment. Top-mounted equipment
can be difficult to reach.

® Very Compact

The flat envelope configuration of filter elements
makes the Dalamatic extremely compact and
insures maximum filtration area in a given space.

® Double Banking

To save additional space two multi-bank
assemblies can be jointed on either the dirty or
the clean air sides. This means a considerable
saving in the need for.access platforms and
inspection doors while keeping the advantage of
easy access for envelope changing.
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APPLICATIONS

Dalamatics are applied in almost every industry which
processes powdered or granulated materials, or uses
equipment producing large quantities of dust. Some
examples are: aluminum, asbestos, carbon, cement,
chemicals, detergents, dyestuffs, flour, foodstuffs,
graphite, glass, insecticides, pharmaceuticals, plastics,
sugar, tobacco, and many others.

The Dalamatic insertable filters were originaily designed
to deal with the heavy dust burdens and high filtration
velocities encountered in pneumatic conveying systems
handling particulate products. Simply inserted into
silos, the filter provided continuous filtration of the con-
veying air with a high collection efficiency. The range of
the insertable filter has been expanded and now
extends over many other applications, including
mechanical conveying of bulk materials and a wide
variety of process equipment into which the filter can
be integrated.

DALAMATIC FILTER ASSEMBLY

Each filter assembly or ‘cell’ comprises a number of
flat rectangular - envelope-shaped filter elements
inserted through parallel recessed slots in a seal frame
which separates the dust side from the clean air side of
the filter. Each filter element consisis of a felted
envelope supported on a rigid open mesh frame or
insert which has an integral header and sealing flange
welded to its mouth. A multi-nozzle jet tube is located
along the mouth of each insert header. It is connected
via a diaphragm valve to a compressed air manifold
The valves are linked 10 a solenoid timer specifically
designed for use with Dalamatic filters.

PRINCIPLE OF OPERATION

The dust laden air is drawn onto the filter envelope,
where the dust is retained on the outer surface of the
fabric. Cleaned air passes through the fabnc and out of
the insert header as shown in Fig. 1, on the clean side of
the filter. To maintain continuous operation each
envelope must be regularly cleaned. This is achieved by
reverse |et cleaning. An electronic timer activates each
pilot valve in sequence at predetermined intervals on a
continuous cycle. The pilot valve in turn opens the
diaphragm valve (see Fig. 2). A short burst of com-
pressed air is released and injected by the multi-nozzle
jet tube through the insert header into the filter
envelope. This causes a momentary reversal of the air
flow through the filter envelope. The effect is a brief
controlled inflation of the envelope so that the
accumulated dust or dust cake is dislodged from 1its
surface. Simultaneously the reversed air flow through
the fabric assists dust removal. The collected dust fails
either into a collection hopper beneath or directly back
into the process served.

FILTER FABRIC

Well-designed reverse jet filters avoid mechanical
stresses on the filtration medium, so that felted fabrics
with their inherently higher efficiency and lower
resistance compared with woven materials can be used
without risk of damage. Felted fabrics in a number of

synthetic and natural fibers are available, but the'

majority of applications are best served by standard
polyester felt. Other felted materials include Nylon and
Orlon while another — Nomex - is suitable for
temperatures up to 400°F. All fabrics are manufactured
to a strict specification and undergo stringent quality
control testing. The quality of the fabric and the high
standard of envelope manufacture are an intrinsic part
of the filter design and govern the filtration properties of
the filter. The use of substitutes could reduce the
efficiency of the filter.

PAINT FINISH

Series DLM

The main case, seal frame and internal components
{except filter envelope inserts) are degreased, coated
with epoxy powder by an electrostatic powder spray
gun and then baked. Envelope inserts are degreased
and dipped in a tank containing an electrophoretic
water-based epoxy paint and then baked.

Series DLM-V

The same two processes are employed as follows:
electrostatic epoxy powder for seal frames and electro-
phoretic epoxy dip for envelope inserts and all other
components.

Note: For corrosive operating conditions reference
should be made to DCE VOKES Inc. for alternative
methods of protection.
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Fig.1 Section through filter elements

FROM DALAMATIC
COMPRESSED AIR CONTROLLER
MANIFOLD

. g e s
e DIAPHRAGM PILOT

VALVE - VALVE -

CLOSED CLOSED
a8 G au from the fold d.

uvn:gn tine hole "H’ oo mmm;; tube ‘T’

DALAMATIC
COMPRESSED AIR CONTROLLER
b \
10 JET .) T
Q Tose o T
Ty )
L DIAPHRAGM PiLOT
. VALVE- T VALVE-
OPEN OPEN

Fig.2 The valve system

b When solencsd 18 actvated the priot veive opens. releasing
the comp d a trom 9 ube "T" and allowing
diaphragm 10 open




SIZE RANGE

The range of cased filters is based on a single cell size
each consisting of a seal frame and ten filter envelopes
with a total fabric area of approximately 105 sq. ft. Cells
are then built up in banks and tiers to handle the air
volume required by the particular application. Examples
are given in the table below.

Units are available pre-assembled up to the maximum
dimensions permitted by freight. restrictions. Where
conditions require larger units, they can be erected on
the site from pre-assembled sub-assemblies.

CONSTRUCTION AND OPERATION

The Dalamatic reverse jet filter comprises an outer case
enclosing the required number of cells. The benefits of
long experience in types of joint and methods of sealing
have been incorporated in the filter construction. Joints
have been stiffened by double fold, and overlapped
between case paneis. The supporting structure and the
collection hopper are bolted onto the main case under-
neath. The hopper has a bottom flange for attachment
of a suitable device for removing the collected dust.

The dust laden air enters the cased Dalamatic through
an inlet at the top and is directed downwards. After
passing through the filter elements the air is discharged
through an outlet above the clean side of the filter.

There are several methods of dust disposal. Single bank
units are normally supplied with hoppers terminating in
a flanged outlet 1o accept various sizes of rotary valve.
Multibank assemblies are normally supplied with trough
hoppers and screw conveyors; alternative arrange-
ments can be made to suit special applications.

CONTROLLER

A 10-valve controller assembly is fitted to Dalamatic
cased filters. It contains a fully automatic solid state

No. of No. of

Designation Banks Tiers
(a) (b)
DLM 1/2/10 .1 2 )
DLM 1/3/10 1 3
DLM 1/4/10 o 4
DLM 2’3’;‘.0- "2 o 3
DLM 2/4/10 2 s
DLM 3/4/10 3 | 4
DLM 4/4/10 4 4
DLM 5/4/10 5 e
DLM 6/4/10 6 4
DLM 7/4/10 7 | 4
DLM 8/4/10 8 4
DLM 9/4/10 9 4
DLM 10/4/10 10 P
DLM 20/4/10 20 4

“*Exact filter area 1s 1076 sq‘-f-t. ber c-eu.

(a) x (b}

+ This s a rough guide only, based on average oust burden and particle size distnibution

dual timer, which activates the solenoid valves in the
required sequence and governs the interval between
the pulses of compressed air. The time interval i1s
adjustable 1o suit the severity of the application and has
a range of 5 to 35 seconds with a factory setting of 12
seconds.

The controlier consists of a steel box, solid state
transistorized circuit board, multi voltage transformer,
plug-in uni-selector and quick acting fuse, It is recom-
mended that a fused isolator, fitted with 2 amp HRC
fuses, be installed between the controller and the
incoming supply.

AIR SUPPLY

A supply of clean, dry compressed air at a pressure of
90 p.s.i.g. (7 atm) is required for efficient filter
operation. {Moisture separators are supplied with cased

filters.] Recommended design air volumes are given
below.

- 7 U AIRVOLUME | w- )
Filter Size (free air delivered) i
at 12 sec. intervals "
DLM1/2/10 o i
DLM 1/3/10 8c.f.m. _ 4
DLM 1/4/10 5 ;
DLM 2/3/10
DLM 2/3/10 e k. ;
i
In most applications experience will aliow i
increasing the interval with a resulting decrease 3
in compressed air consumption. y '
- i i SmRECEmeEE 4 N s S PSR |
No. of No. of Nominal Approx.
Cells Envelopes . Filter Area®  AirVolumet :
{10 per cell) sq. ft. c.f.m. :
2 20 210 1500
3 30 315 U250 i
4 40 420 - 3000
6 - 60 . 830 4500
. o ;
8 80 . 840 6000 i
12 120 © 1,260 8000 |
16 160 1.680 12000 |
20 ' 200 2,100 15.000
24 240 2520 18,000
i . T '
28 280 2.940 21,000 |
32 320 3,360 24000
- 36 ‘ . 360 3.780 _27.000
40 ) 400 4,200 o 30.000
80 . 800 8.400 60.000

. e ol
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" OVERALLWIDTHS OF SERIES DLM FILTERS

" 4/2/10 — r oy o e et - = === e
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DESIGN I.IMITS(STANDARDEQUIPMENT)

Temperature range: (two choices available, according to type of sealer used): (a) 15°F to 140°F; or lb) 15°F to 400°F
( For lower temperature appfications consult with DCE VOKES Inc.

Pressure limits: —20"WG to +8“WG  Dimension tolerances: = ,’" on main dimensions; =" on detaal dlmens»ons
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Figs6 &7 Front and side elevations of Control Equipment
(see table below)

STANDARD COMPONENTS

1 Pressure gauge 8 Jetiube

2 Rubber connecting hose 9 Manometer connections

3 Compressed air distrnibution manifold 10 Diaphragm valve

4 Moisture separator {up to 6-bank) 11 Pilotvalve — inside solenoid terminal box, item 6
8 Dalamatc controller 12 Pressure relief valve

6 Solenod terminal box 13 Compressed air inlet

7 Mosture separator (over 6-bank)

@ C

Note: The Husteations on these o poaaes< shawy thie [aest deson of control pqupment gqiving improved access 10 all componeris




TYPE

There are four types in the Dalamatic insertable filter

range:

Type B Basic filter for pressure systems in appli-
cations for indoor use.

Type H Filter with exit header for connection to fan
or for conveying filtered air from the filter.
The filter is weatherproof and suitable for
- outdoor applications.

Type W Filter with a weather cowl for pressure
systemns in applications where the filter is
sited outside or exposed to adverse site
conditions.

Type F  Filter fitted with integral fan for applications
normally operating at below atmospheric
.pressure. This filter is also weatherproof.

SIZE

Each type is available in seven different single cell sizes
with varying filtration capacities. They are based on two
sizes of seal frame, one holding six envelopes and the
other ten. Two lengths of envelope in combination with
the two sizes of seal frame make up the size range as
shown in the table below.

CONTROLLER

A 3-valve controller assembly is fitted to Dalamatic
insertable filters sizes V4, V6 and V12, while a similar
assembly incorporating 5 valves is fitted to sizes V7,
V10, V14 and V20.

It contains a fully automatic solid state dual timer. The
time interval has a range of 6 1o 30 seconds with a
normal initial setting of 20 1o 25 seconds. A fused
isolator fitted with a 2 amp HRC fuse should be installed
between the controller and the incoming supply.

In the case of the DLM-V Type F model the fan should
only operate in conjunction with the controller, but
wherever possible the controller itself should be capable
of independent operation so that the filter elements can
be cleaned under static air conditions.

AIR SUPPLY

A supply of clean and dry compressed air, at a pressure
of approximately 90 p.s.i.g. {7 atm.) is required for
efficient filter operation. Recommended atmospheric
air volumes are given below:

" AT e

AIR VOLUME — F.A.D.

FiltarSize 20-25 sec. interval
FILTER DESIGNATION
The designation of Dalamatic insertable filters begins DLM-V4 31cfm.
with the prefix DLM-V and is followed by a figure DLM-VE -
denoting the size and a letter denoting the type, for DLM-V7 51c.fm.
example: DLM-V10
DLM-V 4B = Dalamatic Insertable with filter area of gt:ﬂn\\ﬂi £t
40 sq. f1., Basic Type. (See inside back DLM-V20 UL
cover). .
Filter Nominal Approx.
size Filter Area ey Elsments 5 Air Volume*
Designation sq. ft. No. & Size Arrangement c.f.m.
DLM-V4 40 6 — Short m 400
N
e 5B
DLM-VE 63 6 — Long . U b 600
i
: b O
DLM-V7 70 10 — Shorn U B 700
DLM-V10 105 10 — Long U H;‘-‘ J 1000
W
eees #5
DLM-V12 126 12 - Long ] I i i 1200
DLM-V14 140 20 - Shon L) B 1500
fcey, (R
Ve
DLM-V20 210 20 - Long I ' | ‘;,a,g 2000

8
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ELECTRICAL SUPPLY

All Insertables require a two-wire supply of 115v or
230v to operate the controller. In addition, Type F
filters require a three-phase supply to drive the fan
motor — DCE VOKES standard motors being suitable
for 230/460v, 3ph, 60Hz.

TYPICAL APPLICATIONS
{a) Venting Silos in Pneumatic Conveying
Systems

1. Blowing system in which every part is under
positive pressure and the fan or blower is at the
beginning of the line, providing the motive
power. (See Fig. Ba.)

2. Suction system where a suction fan at the end
of the line draws the product along the line and
keeps the whole system under suction. (Fig. 8b.)

3. System employing both blower and suction
fan (see Fig. Bc). Examples are applications
involving delivery to a silo which has to be kept
below atmospheric pressure to avoid escape of
dust through leakage, or where direct inspection
of the interior of a silo is required while working.

The filter is inserted in the top of the silo or storage
vessel to separate the product from conveying air so
that product loss and dust nuisance are both prevented.
The reverse jet cleaning system removes the collected
dust continuously from the filter elements and returns it
directly to the bulk content of the silo. The DLM-V Type
B and DLM-V Type W are normally applied in blowing
systems and the DLM-V Type H in suction systems.
The DLM-V Type F is used in the third case on systems

|
[
—_—l — l
I
[

b System under suction, using DLM-V Type H

insentable Fier RQ—\'—

Product feed T
complete with | °
K - | ntegral fan l:‘_'_:"}_:‘
\ -
\ 1 |
i

€ System under suction, using DLM-V Type F

Fig.8 Ventingsilos
fed by pneumatic conveying systems

where the suction fan is needed 1o assist in the relief of
pressure from the system. ’

(b} Mechanical Conveyors

The dust cloud which arises at loading, discharge and
transfer points on mechanical conveyors can be con-
trolled by a DLM-V Type F mounted in or above an
aperture cut in the enclosure. The collected dust is
returned directly to the product. This saves space, makes
ducting and other ancillary equipment unnecessary
and avoids the secondary dust problems associated
with disposal of the collected dust. (See Fig. 9.)

{c) Silo Fed by Mechanical Conveyor

The DLM-V Type F is either mounted above the tipping
point or in 3 separate opening adjacent to it. The filter
keeps the silo under suction and so retains airborne
particles which would otherwise be carried away by the
displaced air escaping from the silo. The collected dust
is continuously returned to the product in the silo.

{d) Ventilation of Air Slides

A DLM-V may be directly mounted at the end of an air
slide powder transport system for air release. If the air
slide system is extensive, it may be convenient to install
the DLM-V at an intermediate junction or bend.

{e)  Dust Control System with Pre-separation
With certain dusts, of extremely fibrous or abrasive
nature for example, it is sometimes preferable that the
filter should not come into direct contact with the bulk
dust load.

Fig.9 DLM-V TypeF
mounted above belt transfer point




A typical solution (see Fig. 10) is to insert DLM-V filters
in the top of a cone-shaped housing; the dust is then
introduced tangentially to the housing below the filter
elements, causing most of the dust to pre-separate to
the bottom of the cone. The remaining fine dust is
carried at low velocity to the filters above and the air
discharged in cleaned condition to atmosphere.
Depending on the duty involved, one or more
Dalamatic filters may be inserted into the coned filter
housing; either BLM-V Type H units each linked to an
external fan or DLM-V Type F units with integral fans
can be used.

As housing dimensions and operating conditions are
critical in meeting the performance required, these
applications must have careful assessment.

{f)  Bin Fluidization

Powder storage bins may be fluidized by air blown in at
the base of the vessel to prevent material ‘packing’ and
to assist discharge without the need for steep angle
trough hoppers or bin vibrators. A DLM-V inserted at
the top of the vessel insures continuous clean discharge
of the fluidizing air.

(g) Integration with Process Machinery

Dalamatic Insertable Filters may be actually integrated
within specific process machinery requiring dust
control such as fluid bed reactors, mixers, blenders,
mills, crushers and similar equipment, or utilized for the
ventilation of certain types of powder spray booths and
automatic bag slitting machines. The field of application
is virtually uniimited.

MOUNTING POSITIONS

All types of Insertable Filter may be mounted vertically
or horizontally as shown in Fig. 11. All are suitable for
in- or outdoor locations except the DLM-V Type B —
the only model not fully weatherproof.

Fig.10 DLM-V Type H
used in dust control system with pre-separator

a Venically mounted

b Horizontally mounted

Fig. 11 Alternative mounting positions for DLM-V insertable filters
(Type Fillustrated)
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MODEL"

DLM-v4
DLM-VE
DLM-V7
DLM-V10
DLM-Vi12
DLM-V14

DLM-V20

DLM-V4
DLM-VE
DLM-V7
DLM-V10
DLM-Vi12
DLM-vi4

- DLM-V20

*Nominal clesrance for maintenance.
W space is restricted consult DCE VOKES.

~ Black lines represent
BASIC filter, Type B

18° - w’ 18"
(on sscie on wivwch Dalsmanc
controler is mounted|
&
)
]
"
: H
o — Compressed mr infet ( -NPT) _
Dalamatic controller
{may be mounted on either side| seating leve!
NN

l SHORT elements

— Blue solid lines . A
represent HEADER — ! | !
onTypesH, W& F | |
Lo. 1---" LONG elemants
-~= Blue broken lines ‘-—— e
F represent FAN and | E—e
{Aperture) motor (type F) (Aperture)
FRONT ELEVATION SIDE ELEVATION

Size DLM-V7illustrated, larger elements representing DLM-V10

DIMENSIONS
(Tolerance + " on main dimensions)

*For number of elements and total filter areas see chart on page 8 + For fan details see below
% Type F fan motors and cases may project by upto 25" beyond these dimensions

All Types Type B Types H. W & F{

A dg d, E ° F f h B C ") B} Ci "]
2°33" 2°3%° - 20" 197 2317 181" 123" 2'M1%7 4% 2'10" 2‘;I12" 263" 37
231" - 333" 20" 18" 233" 18§ 1237, 2113”7 142 4'0“J 21137 265" 411"
373 23y - 203" 18" 333" 2'B3" 121" 30§ 143" 210" 30" 2’8" 37
-3'7-1.“ = 333" 203" 197 333" 281" 123 303" 143" 40" 30" 28" 411"
233" - 333" ¥5H I3 233" 183" 228 50 152 -4'0' 50" 2107 ann
37y 233 - ¥b3z" I3y~ I3 2By 22" 50" 153 210 0" 2107 37T
37y - 337 5T I} ¥ BT 22§ 50" 153" 4’00 50" 210" 417

"APPROX. NET WEIGHTS 1|3
.T'ypo B Type H Type W TypeF %
22016 2701 28016  3201b o
250/b 30016 310Ib  350ib % :. =N :
4301 5401b 5601b  6301b i N B, FHijviEn :yj‘z‘%g—is\;zhop
§401b  600Ib  6201b  6801b § : T --:'-VL'&'G ‘(ZT“Z!‘%};—L-;??'RY =4 04}_&:
E10lb 560b 5801  660Ib % = 1hDJ07_§kWL_'*;','_H' L e
620lb  740lb 7601  8501b 51 :Fg;;.g;;;,g,;,,;m‘c“;gu'g{,;s R (ke
7101b  830ib 850Ib  960Ib 1 ; i '°ﬁs°”"l‘°‘-”|'"“ ”_-—-—
0 250 S00 750 1000 1250 1500 1750 2000 2250

VOLUME:" cfm

Temperature range:

OPERATING DESIGN LIMITS
Types B. H 8 W Two choices available: (a) 15° 10 140°F; (b] 15° 10 25C°F, TypeF 15° 10 140°F
For lower or higher temperature applications consult with DCE VOKES Inc
Pressure limits for Type H: -15"10+2" WG
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Typical Instailations —
Cased Daiamatics
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1 Dalamatic installation for collecting asbestos dust from
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board cutting operations.
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2 Product recovery from the grinding of animal foodstuffs
3 Dalamatic installation handling carbon dust.

4 Dalamatic filter installation under construction for a
cement mill.

5 Two banks of Dalamatics handling graphite and carbon
dust.

6 Dalamatic serving ball mills at a metal refinery

7 Ground sandstone sieving system served by a Dalamatic
filter plant.
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Dalamauc tilter applied to foundry fettling and grninding
Dalamatic collecting dust from electric arc furnace
Dalamatic collecting dolomite dust from rotary kiln
Dalamatic filter applied to phosphate conveying system
Dalamatic filter handling dust from feed mill

Datamatic filters applied to sugar drying and packing.

Dalamatic installauon collecting dust from animal feed
preparation.
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- ‘BASIC DALAMATIC INSERTABLE FILTER
Series DLM-V4 Type B

DALAMATIC INSERTABLE FILTER
COMPLETE WITH WEATHERPROOF
N HEADER AND FAN

Series DLM-V20 Type F
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Dynamic Gas Scrubber

Type UW-4, Model IV




Dynamic
Gas Scrubber

Type UW-4, Model IV

The Dynamic Gas Scrubber, Type UW-4, is a three-stage,
non-plugging, wet dust collection system ideally suited

for product recovery and pollution control. It is the

result of over 25 years experience in the design, manufacture
and application of Dynamic Scrubbers. Hundreds of UW-4 scrubbers

are in operation in the mining, fertilizer, chemical, steel, rock

products, pulp and paper and allied industries. Its high collection efficiency of

up to 99+ % in the 1 to 2 micron range is achieved through “*Dynamic” action.
*Dynamic’ scrubbing involves the use of a wet fan to mix gas, dust and water, in
extreme turbulence, which forces dust particles into the scrubbing liquid.

©1972, 1977 The Ducon Company
U.S. Patent No. 2,811,222

U.S. Patent No. 4,047,910

and other Patents issued or pending

g




A

dvantages

Continuous performance at maximum col-
lection efficiencies.

Constant speed of “*Dynamic Fan'’ assures
peak performance even when gas flows
are as low as 60-70% of design capacity.

Ability to handle upset conditions.

Built-in fan also acts as prime mover
which eliminates need for additional
exhaust fan to overcome system resistance
external to scrubber. This also results in
savings in installation cost.

Thoroughly wetted fan greatly reduces
normal problems of condensation, solids
build-up and/or abrasion.

No wet/dry areas in system and no small
openings to plug.

Minimum water usage since scrubbing
liquid can be recycled.

Instantaneous start-up and shutdown are
possible because no water level must be

maintained.

Low maintenance.




Features

The Ducon Dynamic Scrubber, Type UW-4, has
proved to be the most reliable and dependable
choice for all drying and calcining kiln applica-
tions, pelletizing and sintering plants and for
control of all types of material handling such as
conveyor transfer points, screens, bins crushers
and mills. It is also used in fluid bed processing
and in cooling, classifying and general dust ven-
tilation operations.

The wide acceptance of Ducon’s Dynamic

UW-4 Scrubber can be attributed as much to its
maintenance-free operation as to its highly effi-
cient performance. On-line performance is
maintained even under severe or adverse
operating conditions. On rotary limestone kilns,
lime hydrators, and lime slakers, which are rec-
ognized as being very difficult applications, this
unit is used extensively because it has proved to
require less maintenance than other scrubber
designs.

Two-Stage Pre-Cleaner

Fan Impeller

Unique Vane Design

The pre-cleaner section of the Dynamic
UW-4 scrubber provides several
immediate advantages for the system. By
eliminating up to 90% of the dust load
before the fan section and causing
particle growth through cooling and
condensation on the remaining
suspended particles, it promotes higher
operating efficiencies in the two
remaining stages.

The wide open design of the pre-cleaner
section assures trouble-free,
non-plugging operation. Its efficiency and
dependability have been proven in
bundreds of difficult applications.
Complete liquid flushing of the scrubbing
vane in the UW-4 scrubber is another
important factor in the elimination of
build-up and plugging problems.

The wet “Dynamic Fan’” combines the
functions of exhaust system prime mover,
atomization of scrubbing liquid and
agglomeration of atomized liquid with
suspended particulate matter. It not only
promotes maximum scrubbing efficiency
but it also eliminates the problems
associated with exhaust fanc installed in
systems before or after gas scrubbers.
When a fan is located on the high
temperature inlet side of a scrubber, the
fan is subject to considerable abrasion.
Fans on the scrubber outlet side on the
other hand, are subject to condensation
and ‘or solids build-up on impeller blades
with resulting wheel imbalance and in
some case, corrosion. The UW-4
scrubber integral fan, however, never
comes in contact with a mass of dry
abrasive dust and is kept constantly and
thoroughly wetted to protect against
build-up and minimize the effects of
corrosion.

The wide open design of the conoidal
impingement vane assures troublefree,
non-plugeing operation. Hs efficiency and
dependability has been proven in
hundreds of difficult applications.
Complete flushing of the vane in the
UW-4 is another important factor in the
elimination of build-up and plugging
problems.

i TN S AT S T ET R LT AT T



DYNAMIC FAN

¢

Two-Stage Pre-Cleaner

Dust-laden gases enter the lower part of
the scrubber tangentially, resulting in a
cyclonic flow thoroughly intermixed
with scrubbing liquid. This forces the
larger and more abrasive dust particles
into the swirling liquid film on the sur-
faces and then, through the slurry outlet
at the bottom. The gases pass through
the scrubbing vane which provides: 1.
Increased wetted surface area for parti-
cle impingement and 2. a swirling action
for the mass of gas and liquid in the
cylindrical section above. Here, inter-
mediate size particles are collected and
then flushed through the vane to the
slurry discharge. ’

TWO-STAGE PRE-CLEANER

e e At e e

Dynamic Fan

The gases which are now conditioned,
essentially saturated with water vapor
and substantially free of large dust parti-
cles, are drawn into the interconnecting
fan duct riser along with sufficient liquid
from the bottom sections to flush clean
the duct internal surfaces and to pro-
mote growth by agglomeration, of the
remaining fine particles with liquid drop-
lets.

All of the scrubbing liquid for the unit
is introduced into the “eye” of the fan,
causing complete flushing (cleaning) of
all the fan internal surfaces. Fine dust
particles are then captured by:

1. Turbulent mixing of gases, liquid and
dust particles causing liquid atomiza-
tion and further particle “growth”.

2. Impingement of fine dust particles on
rotating wetted blades.

3. Centrifugal forces resulting from
high fan wheel tip speeds causing
impingement of dust particles and
“agglomerates’” on the moving film
of water which completely covers the
fan housing inside surfaces.

ENTRAINMENT SEPARATOR

CODE
CAS
DUST
L

Entrainment Separator

The collected dust and liquid discharge
from the fan tangentially into the final
section of the scrubber where cyclonic
action causes separation of slurry from
the gas stream.

The entrainment separator increases
gas velocity and directs gas flow so that
entrained liquid droplets are thrown
against the scrubber wall to descend and
discharge through an intermediate cone
orifice by gravity to become the liquid
feed for the scrubbing vane below.
Gases free of liquid droplets, discharge
vertically through the scrubber gas out-
let.



Capabilities

The Dynamic Scrubber, Type UW-4, Model IV
is available with two performance capabilities,
a standard and a high efficiency design.

The Dynamic Scrubber Type UW-4, Model
IV High Efficiency, is an improved design which
decreases outlet dust loadings up to 60% as
compared to those obtained with prior standard
efficiency models of the Dynamic Scrubber. As
an example, in performance tests on talc dust,
an average outlet dust loading of 0.016 gr/SCFD
obtained with a standard Model IV Type UW-4
Scrubber was reduced to 0.006 gr/SCFD using
the Model IV HE scrubber. This represents a
reduction of 62%.

A Dynamic Scrubber, Type UW-4, Model IV
Standard, handling exhaust gases from an
expanded aggregate drying kiln, had outlet dust
loadings averaging 0.101 gr/SCFD. After
upgrading to a Model IV HE Dynamic Scrubber,
the average outlet loadings were 0.026
gr/SCFD, a reduction of 75%.

The improved performance of the Dynamic
Scrubber, Type UW-4, Model IV HE results from
improvements in configuration of unit internals
and operating characteristics. The latter
includes an increase in horsepower requirement
(20-30%) and, in some instances, an increase in
scrubbing liquid rate. However, the percentage
increase in horsepower and scrubbing liquid
requirements are far less than would be
anticipated for the degree of improvement
attained in scrubber performance.

Applications

A partial list of applications includes: calcium
hypochlorite ® carbon black ® clay ® copper
concentrate dryers ® dyes @ fertilizer ® fluorspar
dryers ® lime hydrators ® limestone ® paper
grinding ® pelletizing ® phthalic anhydride ®
plastics ® potash @ silica flour ® sintering ® soda
ash e titanium dioxide pigments




SIZE AND HORSEPOWER SELECTION CHARTS
FOR DYNAMIC SCRUBBER TYPE UW-4 MODEL IV

STANDARD DESIGN (UW-4S)
© ©
54 l|0 6 72 78 8|4 DIOD'B «00 102 1£'H 114 1?012:81.321?81?4

"

-12
-10

-8
-6

g

©)

®) 150

28 & % 3388
\\\
8 B 88

100 i
o )
v 80
2 ! 70
2 s ] 0
B910 15 2 253 4 5 6 7 x1000 7 8 910 15 2 25 3 x10,000 25 6 x 10,000
(A) ) (A
HIGH EFFICIENCY DESIGN (UW-4HE)
© C,
' 4, 5. “ o (© 6. oo 1% ““12’.’01 1:(421 144
P Y ’."’.".’*".‘2 w T TS TEIRET w TILUTr ?‘I_,z
-1
40 -10 -12 -10
-8 150 -10 a5 -8
. 0 -8 -8
25 -4 -8 300 6
- 20 =2 100 -4
0" wg. 90 5 250 i
15 80 g
70 0 g P -2"wg
®) 19 @) 80 ®)
8 50
7 (B) 8)
;8 40 150
5 ®)
4 30
25
3
25 20 100
8910 15 2253 4 5 6 7x1,000 7 8 910 15 2 25 3x10000 25 3 4 s 6 x 10,000

(LY ) (A)

HOW TO USE THE CHARTS
Example (see chanl #2)

Scale (A) (Ss;ir"mf %;Ydumﬁ:ncs?‘ éz.ooo actm ot 3sozo*=i‘ and -5 wy inlet static pressure and containing 15% water vapor by volume.
ubbe! Cond arometer —29,82" Hg.
Curve (B) Iniet Static Pressure converted ‘
®) to sundalrd conditions 1. Calculate ?diabalically saturated gas volume (scrubber outlet) —8,800 actm at 138°F (gas density =
Scale (C) Scrubber Size nuseen)

Scale (D) Brake Horse Power 2. cmogs— 5" wg inlet stalic pressure 1_0( density. ‘
(Gas Density—0.075 #/M?) -5x-022 = —6.0 wg at standard conditions (at fan iniet)
. . Enter chart on Scale A at 8,800 acfm.
. Move vertically to 6.0" wg (Curve B-Point 1).
. From Point 1 move vertically to Scale C and read scrubber Size 60.
From Point 1 move left to Scale D and read 42 B.H.P. (Density 0.075 #/1t%)
Select 50 H.P. motor.

NOwMs W

Size and horsepower selection approximate.



Ducon Service

The Ducon Company has been solving dust control

and air pollution problems for more than 40 years.
In addition to supplying a broad range of

control equipment, including the most versatile and

complete selection of scrubbing equipment offered

to industry, cyclones and pneumatic conveying systems,
Ducon can supply the necessary system
engineering and construction management for total engineered

and/or installed systems.

Ducon maintains a large staff of sales and service
engineering personnel experienced and capable of solving
virtually any air pollution or dust control problem.
service engineers are available for system
services, start-ups, and troubleshooting assignments.
For expert engineering assistance and the
highest quality of dust control and air pollution
control products available, contact Ducon Mineola

or our local representative.

[

k

yu L

The Ducon Company, Inc.
147 East Second Street, Mineola, L.I. NY 11501
516-741-6100 TWX 510 9861

Subsidiary of U.S. Filter Corporation 8-

West Coast Office: Subsidiaries:
10700 S.W. Beaverton Highway Ducon-MikroPul Pty, Sydney, Australia
Suite 675 Beaverton, Oregon 97005 Ducon-MikroPul Ltd., Ontario, Canada
3-1651 MikroPul-Ducon Ltd., Shoeburyness, England
‘;:h: Ducon MikroPul Ltd. MikroPul-Ducon Eq. Ind. Ltda., Sao Paulo, Brazil
Steeles Avenue Licensees:

famalea, Ontario, Canada L6T IA7 Germany, Italy, Japan, Mexico, New Zealand,

416-791-3883 Portugal, Spain, So. Africa
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Attachment for Comment No., 3

ENVIRONMENTAL
PROTECTION AGENCY

NATIONAL AIR
DATA BRANCH

VOLUME V.
AEROS MANUAL OF CODES

SECTION NEDS

CHAPTER Source Classification
Codes and Emission
sussect Factars

SECTION CHAPTER | SUBJECT
3 il 0
DATE PAGE

1/3/76 5

PouNDS E" T TTEDL PER UNT Y
PART 0y LT1] L13 co uwi1TSs
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MATURAL gAS
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L1149
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aEsiouaL OfL
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HT rueL
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cRyer olL
2-01-006=01 TURBINE 19%. s 1000 GALLONS pURNED
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. Response:

Fugitive dust emissions resulting from construction of the access road are
included in the estimated total provided for the mine/mill site in

Table 1.1 of the January 24, 1984 letter on the air permit application.
Clearing of trees, brush and other materials within the access road 30.5 m
(100 ft) corridor will occur over approximately 15 ha (37.1 acres). The
access road from shoulder to shoulder will encompass an estimated 12.2 m
(40 ft) of this corridor; therefore, construction activities for this area
including excavation were assumed to be approximately half of the 15 ha
(37.1 acres), or 8 ha (19.8 acres). For the railroad spur, the cleared area
estimate is for a 30.5 m (100 ft) corridor totalling 18 ha (44.5 acres).
The actual railroad spur excavation construction activity was assumed to be
approximately half of this area, or 9 ha (22.2 acres). Similarly for the
mine/mill site, the cleared area is approximately 46 ha (113.7 acres), but
the excavation construction activities were estimated to involve
approximately 25 ha (61.8 acres).

Therefore, the estimated excavation construction activities total
approximately 42 (25 + 8 + 9) ha or 104 acres (42 x 2.47 acres/ha). This
acreage estimate incorporating the access road and railroad spur was
atilized in the calculations for the response to Comment No. Bl of the
January 24, 1984 letter on the air permit application.

' Comment No. 6:

Provide information describing the baghouse used for emissions control on
preproduction ore crushing.

Response:

The baghouse presently included in our design will be similar to a

DCE Vokes Model DLM 1/3/10 with 315 sq ft of 16-oz dacron filter material
and an air to cloth ratio of 5.6 (cfm) per 1.0 (ft2). The vendor supplied
brochure in the response to Comment No. 1 describes the principles of
operation and other detailed specifications.

Comment No. 7:

Describe derivation of particle size ranges used for determination of
settling rates for mine blasting emissions.

Response:

The particle size range used for mine blasting TSP emissions was <30 um as
stated in EPA AP-42, Table 8.24-2 for surface blasting (May 1983).
Emissions in this size range were then compared with EPA Appendix A, Table
A-1, p. A-3, dated February 1972 (attached) for Mineral products, Stone
quarrying and processing-Crushing in which the percentage distribution by

‘ particle size is:



Table A-1.

SOURCES WITHOUT CONTROL EQUIPMENT

PERCENTAGE DISTRIBUTION BY SIZE OF PARTICLES FROM SELECTED

[
— R R RRRRRORERRRRRRRRRRDRDRRRERER=.

Particles by size range, %
Tvne of source <5u [5to10u|[10to20u |20 to 44 v | >44
Stationary combustion
Bituminous coal
Pulverized 15 17 20 23 25
Cyclone 65 10 8 7 10
Stoker 4§ 6 N 18 61
- Anthracite coal 35 5 8 7 45
Fuel oil 50 NA2 NA NA 0
Natural gas 100 - - - -
Solid waste disposal
Refuse incineration 12 10 15 18 45
Mobile combustion
Gasoline-powered motor vehicles | 100 - - - -
Diesel-powered motor vehicles 63 NA NA 0 0
Aircraft 10D - - - -
Chemical process
Phosphoric acid 100 - = - =
Soap and Detergents 5 15 40 30 10
Sulfuric acid 100 - - - -
Food and agriculature
Alfalfa dehydrating Average size - - -
2 to 104
Cotton ginning NA HA NA WA 40
Feed and grain 5 15 20 45 15
Fish meal 1 1 3 8 87
Phosphate fertilizer 6 6 10 8 70
Metallurgical
Primary aluminum 13 12 12 13 50
" Primary zinc 14 17 40 NA NA
Iron and steel
Sintering 0 0 0 15 85
Blast furnace NA NA NA NA 70
Oper hearth 46 22 17 10 5
Basic oxygen 99.5 0.5 0 0 0
Bessemer converter - - - 100 -
Secondary aluminum 34 30 23 10 3
Brass and bronze 100 - - - -
Gray iron foundry 18 8 12 14 48
Secondary lead 95 3 2 0 0
Secondary steel 60 14 1" 9 6
Secondary zinc 100 - - - -
. Mineral products
Asphalt batching 35 25 L 20 3
Asphalt roofing 100 - - - =
Ceramic clay 36 NA NA 40 6
Castable refractories 100 - - - -
Cement 22 25 25 20 8
Concrete 13 21 27 25 14
Frit 45 15 15 15 10
Glass 26 NA NA NA 0
Gypsum 95% <10 u NA NA NA
A-2 EMISSION FACTORS 2/72
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Table A-1 (continued). PERCENTAGE DISTRIBUTION BY SIZE OF PARTICLES

FROM SELECTED SOURCES WITHOUT CONTROL EQUIPMENT

il
|

Particles by size range, %

Type of source <5 u |5to 10 u|10to20u [20 to 44 u | >44
Mineral products (continued)
Lime 2 8 24 38 28
Mineral woo! 0.5 2.5 10 27 60
Perlite 32 10 10 13 35
- Phosphate rock 80 15 5 0 0
Stone quarrying and processing
Crushing 5 5 5 10 75
“Tomveying and screening 30 20 20 18 12
Petroleum refinery
Catalyst regenerator 50 15 NA NA NA
Wood processing
Fiberboard NA NA NA NA 25
8NA = no further breakdown of particle distribution available.
2/72 Appendix A-3



Particles by Size Range 7%

‘ <5 um 5 to 10 um 10 to 20 um 20 to 44 um >44 um

5 5 5 10 75

Since blasting produces emissions <30 um, the 20 to 44 um percentage of 10
was halved, leaving four size ranges with equal percentages. Therefore, the
four predominate particle size ranges used for estimating the TSP emissions
included the following distributions:

Particles by Size Range %

<5 um 5 to 10 um 10 to 20 um 20 to 30 um

25 25 25 25

Comment No. 8:
Describe how the estimate of 20 stope blasts per year was determined.
Response:

The estimate of 20 stope blasts per year was determined by dividing the
estimated peak tonnage of ore extracted from the mine in any given year
(3,276,000 t [3,611,000 st]) by the tonnage contained within a typical

. designed stope block blast (163,400 t/blast [180,100 st/blast]). The
163,400 t/blast is one-half of the total tonnage contained in a typical
stope block. The design stope height is 120 m (395 ft), which is halved to
allow for drilling (for blasting) from two mine levels. Separation of a
stope block blast is necessary because of the drilling equipment
limitations. Therefore, approximately 20 stope blasts or 10 complete stope
blocks are estimated to be blasted for the estimated peak tonnage in any
glven year.

Comment No. 9:

Provide the source used for determination of the vertical gravity settling
velocities in the mine.

Response:

The settling velocities used to determine gravity settling parameters in the
mine were obtained from a TRC Envirommental Consultants, Inc. 1981
publication titled "Coal Mining Emission Factor Development and Modeling
Study.” In the study, settling velocities were derived by an analytical
procedure based upon field acquired dustfall data. Determination of actual
settling velocities are presented in Part 1, pp. 13-23, Table 3.2 of the
report. The data presented on p. 20 (Attachment 1) were used and
extrapolated/interpolated for a density of 3.0 g/cm3 (i.e., the density of

‘ Crandon rock to be blasted). The calculated settling velocities are
presented in Attachment 2.



Attachment No. 1 for Comment No. 9

TABLE 3.2

STOKES LAW SETTLING VELOCITY (m/sec)

PARTICLE PARTICLE DENSITY  (g/cm3)
DIAMETER (um) p=1.5 P = 2.0 = 2.5
2 .00018 .00024 .00030
10 .0046 .0061 .0076
25 .0286 .038 .048
40 .073 .097 .122
55 .138 .184 .230
65 .193 .257 .322
70 . 224 .298 .373
85 .330 44 .55
90 .370 .49 .62
100 .457 .61 .76
115 . 604 .81 .1.01
130 .772 1.03 1.29

NOTE: p = 1.5 was utilized for Coal Dump Samples;
p = 2.0 was utilized for Coal Haulroad Samples; and

p = 2.5 was utilized for All Other Tests,

- 20 -~




Attachment No. 2 for Comment No. 9

CRANDON PROJECT

Modified Stokes Law Settling Velocities (m/sec)
(In response to Comment No. 9)

Particle Particle Density
Diameter (g/cm3)
(um) P=1.5 P=2.0 P=2.5 P = 3.0
2 .00018 .00024 .00030 .00036*
52 .00184% .00244% .00304* .00364%
7.5 .00322% .00427% .00532% .00637*
10 .0046 .0061 .0076 .0091*
15 .0126% .0167% .0211%* .0254%
25 .0286 .0380 .048 .0580%*
30 .0434% .0577% .0727% .0877%
40 .0730 .097 .122 J147%

*Extrapolated/interpolated values.
a. Example Calculation:

1) Determine the 2 um particle settling velocity at 3.0 g/cm3
P=1.5 P=2.0 P=2.5 P = 3.0
. 00018 .00024 .00030

Difference: .00006 .00006 +.00006 = .00036

2) To determine the 5 um particle settling velocity at 30 g/cm3
density A

a) First, derive the particle settling velocity at 3.0 g/cm3
density for 10 um as in 1) above.

b) Next, determine the difference between 2 and 10 um particle
settling velocities at 3.0 g/cm3 density
(i.e., 0.0091 - 0.00036 = 0.00874)

3) Then, multiply that difference by a proportion determined from

5 am - 2 um _ 3/8 x 0.00874 = 0.00328
10 um = 2 um

4) Add 0.00328 to 0.00036 = 0.00364 m/sec at 5 um



Comment No. 10:
‘ Provide the manufacturer's brochure for the insertable dust collectors used
for control of dust emissions near the primary crusher in the mine. Also
provide the source of particle sizes for mine emission sources.

Response:

The responses submitted in our January 24, 1984 letter on the air permit
application stated that emissions from coarse crushing and subsequent
transfer operations will be controlled with insertable dust collectors
similar to DCE Vokes Model No. DLM-V 45/15 Fl. The manufacturer's brochure
provided in response to Comment No. 1 of this letter describes the
principles of operation and other detailed specifications.

The particle size distributions for rock handling presented in the
January 24, 1984 letter were as stated from EPA AP-42, Appendix A, Table
A-1, p. A-3, Stone quarrying and processing-Crushing. (See also the
response to Comment No. 7 of this letter.)

Comment No. 1ll:

Will all mine air heating be performed on the surface at ome location by
direct fired heaters. What is the estimated peak hourly and annual fuel
usage?

. Response:

Mine air heating will be performed at two separate locations on the surface.
They are: 1) the main shaft, and 2) the intake air shaft. No additional
heating of mine air is planned underground other than that provided
indirectly from sources such as the rock mass, equipment, and adabiatic
compression of air as it descends the intake air shafts. The two heaters
located at the intake shaft collars require a maximum of 91,800 SCF/hr of
natural gas on a -25°F day; however, the units will be capable of consuming
100,000 SCF/hr (i.e., the combined total rated capacity). Yearly maximum
consumption of natural gas for mine air heating is estimated to be
110,600,000 SCF.

Comment No. 12:

The estimated TSP emissions for the mine/mill site in-plant gravel roads for
heavy duty diesel vehicles in response to Comment No. D5 of the January 24,
1984 air permit letter should be 1.9 st/yr instead of 1.6 st/yr and the
total estimated TSP emissions for employee and plant operation traffic
should be 49.2 st/yr instead of 48.9 st/yr.



Response:

Because of a rounding difference, the emission factor used for the heavy
duty diesel vehicles (HDDV) was 0.5 instead of 0.6 1b/veh-mile. The
estimated TSP emissions for HDDV should be 1.9 st/yr. Therefore, the total
estimated TSP emissions (uncontrolled) should be 11.3 instead of 11.0 st/yr.
The total estimated TSP emissions (controlled) should be 5.7 instead of

5.5 st/yr, and the total for employee and plant operation traffic should be
49.1 instead of 48.9 st/yr. The revised air permit application will include
these changes. (See also Revised Table 1.1 in the response to Comment

No. 13 of this letter.)

Comment No. 13:

Tabulation of the emission estimates beginning on p. 62 of the January 24,
1984 response letter shows TSP emissions from MWDF construction of
71.8 st/yr. Where is this number included in Table 1.1?

Response:

The 71.8 st/yr TSP estimate was included in the estimated 96.3 st/yr for
construction of each tailing pond. The derivation of the 96.3 st/yr
estimate is as follows.

Hauling emissions to and from the MWDF as well as excavated till hauling
emissions were calculated based on soil material volumes presented in the
air permit application. These soil material volumes were based on a 2-1/2
year construction period for each pond with 40%, 40% and 207 completed in
the first, second and third years, respectively. Construction of each pond
is now scheduled to be completed in 2 years rather than 2-1/2. Therefore,
the 71.8 st/yr hauling emissions estimate was increased by 5/4 to

89.75 st/yr. The estimate also included wind-blown TSP emissions of

6.53 st/yr as shown in Table 2.6 of the air permit application. The
estimated combination of hauling and wind-blown TSP emissions was 96.3 st
(89.75 + 6.53 st) as shown on Table 1.1 of the air permit response letter of
January 24, 1984,

Emissions from other MWDF construction related activities such as site
clearing, surface excavation and scraping were included in the 112.8 st/yr
estimate shown on Table 1.1 for site preparation.

Since the review meeting with the DNR on February 29, 1984, we have
recalculated the MIDF construction emissions to account for several factors:
1) use of the latest EPA AP-42 emission factors for loading and dumping, and
2) to further incorporate current design criteria into our calculations;
e.g., a 2 year construction period instead of 2-1/2, the inclusion of
emission calculations for each pond rather than assuming equal emissions
from each pond, the use of the current estimated excavated soil material
volumes and haul miles traveled, and a revised wind-blown emission factor as
presented in the January 24, 1984 air permit response letter. .



Site preparation TSP emissions are the same as those shown in Table 1.1 of
the January 24, 1984 air permit response letter. Revised estimates for the
waste rock handling and individual tailing ponds construction are shown on
the attached table (Revised Table 1.1). The attached table (Revised Table
1.1) also includes estimates of the other construction related activities
for the tailing ponds such as hauling, loading and dumping, and wind-blown
TSP emissions in the total number. The calculations for the revised TSP

est imates are presented following the revised Table 1.1. Till excavation is
now assumed to occur equally over two years., Other activities such as
loading and dumping, and hauling of other construction soil materials (i.e.,
drain layer, liner) were conservatively assumed to be completed in the
second year of each pond construction which represents the difference (see
Revised Table 1.1) between the emissions in the first and second year for
construction of each pond.



Revised Table 1.1 (In response to Commert MNos. 12, 13, 14, 15, 17, 20, 21, 24 and 25)

Schedule associsted with Project activities during construction and operation
phases and the estimated TSP air emissions from proposed sources (st /yr).

——

[ CNSTRUCTION OPERATION =

Project Activities ( ) 1986 1987 1988 1989 | 1990 1991-92 1993 1994 1995 1996 1997 1998-2000 2001 2002 2003 2004 200506 2007 2008 2000 2010 2011-15
Site Preparation (trees & brush)

1. Mne Shafts (Al) 17.6

2, M11/Mi1l Site (A3, Bl) 77.3

3. MWIF Area (14) 1128w 1.8 112,88 112.8b

4, Access Road/Powerline (A3, D5, D7) 2.7 3.2 324 * * * * * * * * * * * L ) * * LI #

5. Railroad Spr (A3, D8) 4,2 0.14 * * * * * * * * * * * * * * * * * & *

6. Haul Road (B1) 4.0

7. Vater Discharge Pipeline (B5) 10.2

8. InrPlat Roads (B2, I5) (12) 4.8 49,1 & * * * * * * * * * * * & # * LI * *

9. Mobile Sources (Table 2.3) 8.0 * L

10. (ncrete Batch Plat (Table 2.3) 2,7 * * ok

L}

Construct Mine Support Pacilities

1. Sink Main Shaft (15) 5.9 2.7

2. Sirk and equip air intake shaft (15) 2.6 2.1

3. Onstrut east exhmust shaft (15) 2.0

4. Construct west exhaust shaft (15) 2.0

5. Rwer Generation (A2, C3) 42 02 *
Construct Major Surface Pacilities

1. Conetrut Reclaim Pond R1 (17) 9.3

2. (netruct Reclaim Pond R2 (17) 18.0 18.0

3. (bmstruct Temporary Ore Sorage Pad Included in Mine Shafts



CONSTRUCTION OPERATION
Project Activities ( )* 1986 1987 1988 1989 | 1990 1991-92 1993 1994 1995 1996 1997 1998-2000 2001 2002 2003 2004 2005-06 2007 2008 2009 2010 2011-15
Construct MAIF Facilities
1. Gmstruct Tailing Pipeline (21) 6.0 6.9
2. Tostall Liner (E4) 1.0 1.0 1.0 1.0 1.0 L0 1.0 1.0 1.0
a. Hauling of bentonite to MVIF (E1) 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
3. Waste Rock Hendling (13)
a. Ipading and Dumping 0.01 0.07 0.1 0.03 0.3 0.03 0.01 0.01 0.00 0.01 0.0  0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01
b. Haulirg 0.35 2.1 237 35.6 9.3 9.23 923 423 4.23 423 423 423 423 423 423 423 423 423 423 423 423 423
4, Gnetruct Tailing Pond T1 (13) 46,8 57.2
5. Construct Tailing Pond T2 (13) 66.8 79.6
6. Reclaim Tailing Pond T1 (17) 49.0  49.0
7. Construct Tailing Pond T3 (13) 55.8 65.6
8. Reclaim Tailing Pond T2 (partial) (17) 64.8
9. Construct Tailing Pond T4 (13) 73.1 83.9
10. Reclaim Tailing Pond T3 (17) 60.5 60.5
Underground Mine Development

1.

Develop Drifts and Sopes (15)




—__ OORSTRICTTON OFERATTON
Project Activities ( )** 1986 1987 1988 1989 1990 199192 1993 1994 1995 1996 1997 1998-2000 2001 2002 2003 2004 2005-06 2007 2008 2009 2010 2011-15
Mine Production
1. Titial (15) 42
2, Full (C1)
a. Hasting 13.6 * * x  x % * * % * 4 * * PO *
b. Rock handling 7.9 * ® * * * * % #* @ * * * # * * *
c. Mbile equipment 5.5 * * & * * * * * * * * * » * * *
d. Mne air heating 0.6 * # & * * & * * * * * * ® ® * *
Mi11/Concert rator Operst ions
1. Garse Ore Transport (20) 0.3 &7 34 100 *
2. Crushing and Screening (24) 8.4 * * * * 'y * * * * * * * * * * # *
3. Fine Ore loading (Table 2.4) 0.7 & # * & # * # * * & B * - 'y * # *
4., Flre Ore mdjm mb]_e 2.&) 1.1 * * * * * * * * * * * * * * * * *
5. Concrete Batch Plant (IB) 0.1 * & 'y % * % & * * * ' * * * * # *
6. Facility Hesting (25) 0.9 ® * * * * * * * * * * * * # * % *
7. Pmergency Diesel Generators (C3) 0.2 * * * * * * * * * * * * * * * %
TOTAL 204.9 201.4 168.3 173.3 £8.2 110.7 213.5 164.4 177.2 144.7 1447 208.5 153.4 163.2 160.5 95.7 208.5 170.7 182.0 156.2 156.2 95.7

* Mans previous annml estimate is uwed for this year.
#% Nmber within parertheses identifies Jammry 24, 1984 air permit response letter, this letter, or the air permit application source for the informetion.
bl This letter is the source of the information.

8In the year 2000 only.
bIn the year 2006 only.



Example Calculations: MWDF Construction Emissions (TSP)

MWDF construction activities are separated into four categories for
calculation of TSP emission estimates.

1. General construction: This includes clearing the land and surface
earthwork (excavation to approximately 10 ft).
This estimate uses the primary emission factor
from AP-42 for construction activities for
project facilities. However, where deep
excavation (greater than 10 ft) and major hauling
of soil material within the excavated area is
involved, the TSP emissions from hauling, and
loading and dumping of the soil material was
calculated separately (i.e., in addition to the
general construction emissions).

Emission Factor and Source: 1.2 st/acre/month; EPA AP-42, Section 11.2.4
Clearing and excavation (i.e., heavy construction):

Assume: Based on largest surface area disturbed in one year -
Tailing Pond T1 - 94 acres

Duration: 12 months (94 + 12 = 7.83 acres/month)

TSP = 1.2 st/acre/month x 7.83 acres/month x 12 months/yr = 112.8 st/yr



2. Hauling: TSP emissions generated by hauling excavated till within the
' pond construction area, within the MWDF boundary, and between
the mine/mill site and MWDF.

Emission Factor and Source: EPA AP-42, Section 11.2.1
TSP-EF = (0.8)(5.9)(s/12)(5/30)2(W/3)%+7(w/4)0+5(d/365) = 1b/veh-mile
TSP-EF = suspended particulates - 1b/veh-mile

silt content of road material - %

vehicle speed (mph)

average vehicle weight - st

number of wheels on vehicle
dry days/year - 230

oE Ewnon
wonononon

Assume: Pond with largest quantity of soil material (till) excavation -
Tailing Pond T4 (i.e., average excavation is 40 ft - upper 10 ft
included in emissions from general construction). Therefore, 757
of excavated till haulage is within the pond area.

(0.8)(5.9)(15/12)(15/30)2(63/3)%+7(4/4)0+5¢230/365)
(4.72)(1.25)(0.25)(8.42)(1)(0.63) = 7.82 1b/veh-mile

TSP-EF

7.82 1b/veh-mile x 34,434 miles x st/2000 1b x 0.5%
67.3 st

Emissions (controlled)

. See also attached Table 13-2.

*50% control with watering.



3. Loading and Dumping:

. Emission

TSP-EF

TSP-EF

HRXENan ®

Assume:

Factor and Source: EPA AP-42, Section 11.2.3

(s/5)(U/5)(H/5) _
(M/2)2(y/6)0+33

(k)(0.0018) 1b/st

emission factor - 1b/st

particle size multiplier (dimensionless) - 0.73

silt content - %

wind speed (mph) - 7.2 mph (Crandon Project EIR, p. 2.1-17)
drop height - ft

= material moisture content - 7
= capacity of dumping device (yd3)

Construction of Tailing Pond T-4:

TSP—EF(Loading 7111) = (0.73)(0.0018) (15/5)(7.2/5)(3/5) = 0.0037 1b/st

(2/2)2(4.5/6)V°33

Emissions (uncontrolled) = 0.0037 1b/st x 82,800 yd3 x 2970 1b/yd3 x

st /2000 1b x st/2000 1b = 0.23 st

See also attached Table 13-3,

‘ 4., Wind-blown:

Emission Factor and Source: Guide for Wind Erosion Control on Cropland in

TSP-EF

TSP-EF

Great Plains States, Craig and Turelle,
USDA-SCS, July 1964, in: Evaluation of fugitive
dust emissions (PEDCo, 1976).

aIKCLV

st /acre/yr

total of wind erosion losses measured as suspended particulates
(0.01 for ponds and storage area and 0.025 for haul roads)

soil erodibility factor (st/acre/yr)
(134 for ponds and storage areas and 38 for haul road)

surface roughness factor - 1.0
climate factor; 0.05 for Crandon site area

unsheltered field width; 0.7 to 1.0
for Crandon site area

vegetative cover factor - 1.0



. See Air Permit Application

Emission
Source Acreage Control* Emission Factor (st/zr)
Haul Road 16 0.85 0.03325 st/acre? 0.18
Storage Area 20 0.85 0.0469 st/acre 0.14
Ponds 119 - 0.0469 st/acre 5.58
5.80

*85% control with watering and chemical stabilization.
a. Factor of 0.3325 listed in air permit application was a typographical
error. (See also air permit response letter of January 24, 1984.)



Table 13.1 Summary of Estimated MWDF Construction Emissions (TSP) - st/yr*

Year Year

1 2

Tailing Pond T-1 Hauling 41 49,6
(1988-1989) Loading and Dumping - 1.8
Wind-blown 5.8 5.8

46.8 57.2

Tailing Pond T-2 Hauling 61 71.1
(1994-1995) Loading and Dumping - 2.7
Wind-blown 5.8 5.8

66.8 79.6
Tailing Pond T-3 Hauling 50.0 57.71
(2001-2002) Loading and Dumping - 2.1
Wind-blown 5.8 5.8

55.8 65.6

Tailing Pond T-4 Hauling 67.3 75.7
(2007-2008) Loading and Dumping - 2.4
Wind-blown 5.8 5.8

73.1 83.9

*See Revised Table 1.1



‘ 5. Waste Rock Handling (See also 6. in Table 13-2)

Hauling
TSP-EF = (0.8)(5.9)(6/12)(15/30)2(51/8)%+7(6/4)0+5(0.63) = 3.3 1b/veh-mile

Emissions (controlled) 3.3 1b/veh-mile x 1400 veh-miles x st /2000 1bs x 0.15%

nn

0.35 st/yr
Miles Controlled

Waste Rock Hauled Traveled Emissions
Year (k-st) (k) (st/yr)**
1986 1,144 1.4 0.35
1987 66 8.3 2.1
1988 761 95.7 23.7
1989 1,144 143.8 35.6
1990-1993 297 37.3 9.23
1994-2015 136 17.1 4,23

*85% control with watering and chemical stabilization.

. Loading and Dumping
(1.6/5)(7.2/5)(4/5)
TSP-EF = (0.73)(0.0018 = 0.00012 1
P (Loading) ( )( ) (4/2)2(7/6)0.33 b/St
(1.6/5)(7.2/5)(4/5)
TSP-EF (pumping) = (0.73)(0.0018) (4/2)2(28/6)0°33 = 0,000073 1b/st

Combined = 0.000193 1b/st for loading and dumping

Waste Rock Emissions
Year (k-st) (st/yr)**
1986 11 -_—
1987 66 0.01
1988 761 0.07
1989 1,144 0.11
1990-1993 297 0.03
1994-2015 136 0.01

**See also Revised Table 1.1



Table 13-2. Source Inputs for Emission Factor in Estimating Hauling Emissions of Tailing Pond T-4

Soil
Material
Emission Factor Control Moved Miles Emissions

Source s S w W d lbs/veh-mile Efficiency k-yd3 Traveled (st)
1. Hauling excavated till

within pond 15 15 4 63 230 7.82 50%3 1,913¢ 34,434 67.3
2. Bentonite/soil to pond 6 15 6 30 230 2,27 85% 90d 5,012 0.85
3. Underdrain to pond 6 15 6 30 230 2,27 85% 2644 12,375 2.11
4, TFilter material

to pond 6 15 6 16 230 2.27 85% 383d 20,826 3.55
5. Rip-rap to pond 6 15 6 16 230 2.27 85% 2374 11,109 1.89
6. Waste rock to MVDF 6 15 6 51 230 3.31 85%b 108.8 17,097 4.2
a. 507 control with watering.
b. 85% control with watering and chemical stabilization.
c. FEach of the two years of construction.
d. All in second year of T-4 construction.



Table 13-3. Source Inputs for Emission Factor in Estimating Loading and Dumping Emissions
Emission
Soil Factor Emissions
H Y Material (1b/st) (st)

Source s U Loading Dumping Loading Dumping (k-st) Loading Dumping Loading Dumping
1. Till at 15 7.2 3 3 4,5 8 122 0.0037 0.0031 0.23 0.19

batch

plant
2. Underdrain 1.6 7.2 3 3 4.5 9.6 330 0.0001 0.00008 0.017 0.013
3. Rip-rap 1.6 7.2 3 3 4,5 9.6 296 0.0001 0.00008 0.015 0.012
4, Filter 15 7.2 3 3 4.5 8 569 0.0037 0.0031 1.05 0.88




Table 13.4 Input to Hauling Emissions Calculations for MWDF

Material Round Trip Volume of Material Moved by Area (k—yd3)
Activity Vehicle Size Bulk Density Distance/Haul T-1 T-2 T-3 T-4
1. Excavation 25 yd3 2970 1b/yd3 0.45 mi 3,068 4,652 3,750 5,100
2. Soil/Bentonite 12 st 2970 1b/yd3 0.45 mi 95 99 82 90
mixture
3. Underdrain 12 st 2500 1b/yd3 0.45 mi 288 296 234 264
4, Filter 12 st 2900 1b/yd3 0.45 mi 280 460 357 383
material

5. Rip-rap 12 st 2500 1b/yd3 0.45 mi 353 318 222 237



Comment No. lé:

How was the MIDF area TSP estimate of 112.8 st derived?

Response:

The surface area of construction disturbance for Tailing Pond T1 is
estimated to be approximately 94 acres. Using the emission factor of

1.2 st /acre from EPA AP-42, the estimated TSP emissions are 112.8 st
assuming these construction activities occur in one year. (See also the
response to Comment No. 13 of this letter.) Because many areas of the
additional tailing ponds are part of the previous construction activities
(i.e., common embankment sections), it was assumed that 94 acres represents
the additional surface area disturbance for the other ponds. Therefore, the
estimated TSP emissions of 112.8 st was used for the early construction
activities for the other tailing ponds. (See also Revised Table 1.1 in the
response to Comment No. 13 of this letter.)

Comment No. 15:

Provide a description of the method used in determining construction
emissions from sinking of the main shaft, intake air shaft, east exhaust
shaft , west exhaust shaft and general underground development.

Response:

The procedure used to estimate TSP emissions from the different shaft
sinkings (i.e., main, intake air) and general underground development is
presented under its respective heading below. The estimated yearly TSP
emissions for the different shaft sinkings were presented in Table 1.1 of
the January 24, 1984 air permit response letter under the heading Construct
Mine Support Facilities. The general underground development TSP emission

estimates were presented in Table 1.1 under the heading of Underground Mine

Development. However, these numbers have been recalculated based on the

current design criteria. Therefore, revised Table 1.1 (See the response to
Comment No. 13 of this letter) presents the estimated TSP emissions as
calculated below.

Underground Blasting Emissions — Blasting using dynamite

Emission Factor and Source: AP-42, Table 8,24-2, Blasting — Surface
Coal Mining

TSP-EF for emitted particles of less than or equal to 30 um

344 (A)0.8
TSP-EF = (D)l‘g(M)l’g



area blasted - m2
hole depth - m
material moisture content - %

o
ooy

Main Shaft Sinking

28.36 m2 (i.e., one half of area/blast)

A= (8.5m/2)2 x 3.14 + 2 =
D=2,12m
M = 15%

344(28.36)0.8

TSP-EF = (2.12)],8(15)1,9 = 7.5 kg/blast x 2 blasts/day = 15.1 kg/d

Process Rate:

2 blasts/day, 30 blast days/month and 514 blast days/17 months
Example Calculation:

514 blast days/17 months x 15.1 kg/day x t/1000 kg = 7.8 t/17 months

Total TSP (Sink Main Shaft) = 8.6 st/17 months (1986-87) - (see also
Revised Table 1.1 in Comment No. 13 of this

letter)
‘ Sink and Equip Air Intake Shaft
A= (6.1 m/2)2 x 3.14 + 2 = 14.6 n2 (i.e., one half of area/blast)
D=2.12m
M = 15%
344(14.6)0.8

TSP-EF = (2‘12)],8(15)1.9 = 4,4 kg/blast x 3 blasts/day = 13.3 kg/d

Process Rate:
3 blasts/day, 75 blast days/month and 326 blast days/10 months
Example Calculation:
326 blast days/10 months x 13.3 kg/day x t/1000 kg = 4.3 t/10 months
Total TSP (Air Intake Shaft) = 4.7 st/10 months (1986-87) - (see also
Revised Table 1.1 in Comment No. 13 of this

letter)

Construct East Exhaust Shaft (Raise) - EER

A= (6.1m/2)2 x 3.14 - (1.83 m/2)2 x 3.14 = 26.6 m?
D=2.,12m
M = 15%

. 344(26.6)0.8

TSP-EF = E;‘IES{;g(ls)l.g = 7.2 kg/blast x 3 blasts/day = 21.6 kg/d



‘ Process Rate:

3 blasts/day, 21 blast days/month, 85 blast days/total (yr)
Example Calculation:
85 blast days/total x 21.5 kg/day x t/1000 kg = 1.8 t/yr

Total TSP (EER) = 2.0 st/yr (1988) - (See also Revised Table 1.1 in Comment
No. 13 of this letter)

Construct West Exhaust Shaft (Raise) - WER

TSP-EF = Same as EER

Total TSP (WER) = 2.0 st/yr (1989) - (see also Revised Table 1.1 in Comment
No. 13 of this letter)

Underground Mine Development - Blasting of irregular sized openings of
varying dimensions

TSP-EF = .0013 kg/t (for blasting overburden and coal)

From AMC report on "Fugitive Dust Emission Factors for the Mining

Industry,” Appendix p. D-3 -~ Colorado Fugitive Emissions.
‘ Waste Rock Ore Total

Year (k-st) (k-st) (k-st) st/yr*

1986 11 -— 11 0.01

1987 66 - 66 0.09

1988 763 532 1295 1.7

1989 1146 1700 2846 3.7

1990 396 2814 3210 4,2

*See Revised Table 1.1 in the response to Comment No. 13 of this letter.

Example Calculation:
2,846,000 st/yr x 0.0026 1b/st x st/2000 1lbs = 3.7 st/yr

Total TSP (Underground Mine Development) = 3.7 st/yr

The Colorado fugitive emissions reference is attached.
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COLORADO DEPARTMENT OF HEALTH =~ Attachment for Comment No. 15

Di{visfion or Section of APCD

INTER-OFFICE COMMUNICATION

TO : All Interested Parties DATE : September 30, lSBf

THROUGH: COLORADO DEPARTMENT OF HEALTH, APCD

FROM: Thomas Tistinic, Public Health Engineer SUBJECT: FUGITIVE DUST EMISSIONS

Attached find a compilation of fugitive dust emission factors the Division
will be using to estimate emissions from sources of fugitive dust wishing
to operate in the State of Colorado.

Unfortunately, agreement between sampling methods and between identical
methods operated by different groups may show errors of degrees of magnitude.
For this reason some general assumptions are needed to determine how the
equations should be used and what the numbers mean.

Generally speaking:

1. The factors were developed based on those particles collected by
the hi-vol sampler, considered to be mostly less than 30 microns
in size. N

2. The factors are not corrected for fallout. Until such time a
fallout function may be incorporated into our dispersion model,
we will assume:

a. Maximum uncorrected distance of impact = 5§ km (approximately
3 miles)

b. Average wind speed in the State = § m/sec = pu
c. Average stability class = D (see reference 9)

Therefore, multiply factors by 0.24 or 0.24 5/u to get impact
past S km.

3. EPA approved emission factors were used where possible.

4. Total annual emissions should be calculated for the estimated year of
the greatest activity. Naturally some factors should be used in con-
junction with total annual work days such as crushing, and some factors
should be used in conjunction with 365 days per year such as wind
erosion.

5. None of the factors, other than vehicle traffic and the wind erosion
equation, appear to take into account emissions on days with .0l inches
or more of rainfall (W). Multiplying the chosen emission factor by the"
quantity (1 ) will result in a modified emission factor correctad
for wet days. “See Appendix G for values of W.

We accept all comments to these factors and assumptions. This compilation
will be updated regularly, probably every six months., Due to the large
number of requests, it will be difficult to update any sooner than that,
however, major changes will be given priority.

— . N S’:\T_

Siznature

ADTB(%229 (10-29-100) -
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TABLE D-1.

COLORADO FUGITIVE EMISSION PROJECT

PROCESS OPERATION

UNCONTROLLED FACTOR

CONTROL - EST. EFFICIENCY

Topsoil Removal - a combined factor whic
tncludes removal, haulage, and placement

into storage area.

Yopsoil Stockpile - once topsoll Is

placed in storage it Is not worked

continuously like product stockpiles.
Therefore, once the surface fines have
blown away, the topsoil will most likely
show an ability to crust over making it
resistant to all but very high wind
velocities. However, unless the apé]i-
cant can cite unusual soll conditions,
to be conservative we will not apply a
Qral crusting efficiency’ for top-
storage arecas, but will assume 2
§3 monthly reduction due to loss of

surface fines.

Orilling: Overburden or uranium ore
Coal

Rock

Overburden or uranium ore

Blasting:

Coal and/or Rock

16 Ib/scraper hour or (s) Controls usually not practiced or

.38 1b/yd3d (5) | required due to the relative molstness

1f no Information provided we will of the soll.

assume:

yd’ topsoll = |.§ tons (12)

Average depth of topsoll = 1.5 feet (9)

Capaclity of scraper = 25 yd3 (6)

€, = .01 [a t kCL VI (15) {- Chemical supressants - normally a

€s = emission factor tons/acre/yr synthetic polymer or copolymer - B85% (S)

a = portion cf total wind erosion losses| Mulch - 85% (5)
that would be measured as suspended | Rapid revegetation - 753 (5)
particulates Wind breaks=helght of pile - 50% (6)

| e soll erodibllity In tons/acre/yr Wind breaks <height of pile - 30% (23)

K = surface roughness factor(demensionless) Frequent watering (twice a day)- S0% (8)

C = climatic factor (dimensionless) Water as needed - 25% (6)

t! = unsheltered field width factor Chemical/vegetative stabillization- 93% (20)
(dimensionless)

v! « vegetative cover factor
(dimensionless)

To calculate surface area of plle see

Appendix A

Yo obtalin C values, see Appendix B and C

Yo obtaln a, |, K, L', and V! values,

see Appendix D.

1.5 Ibs/hole T (5)| 8ag Collector - 90% (6)

.22 Ibs/hole (9)] Chemical Suppresants - 903 (6 ¢ V1)

.0013 Ib/ton quarried (10)] water Injection - 75% (6 ¢ 11)

Plans reviewed indicate from 75 to 200 (29)
tons of broken granite produced per

hole. Assuming 200 tons per hole would
make the rock drilling emission factor

= .26 lb/hole

0.0026 1b blasted (9)(5) (6)

ton

| will equate blasting of rock with the
blasting of coal mainly because extreme-
ly wide varlation in emission factors

for blasting rock, t.e. from 2.2 to

4200 1bs per blast.

This flgure was derlved using the highest
EPA recommended emission factors for
blasting, i.e. 85.3 Ibs/blast and 78.1

-Ibs/blast for overburden and coal respec-

tively. These factors were obtalned from

Reference 9 which also provided scant data
on frequency of blasting and amounts of
material mined. With this data the above

factor of 0.0026 Ib blasted was calculated.
ton

-50% (1)

(controls rarely used during lasting,

Water filled plastic bags

and control efficiency Is highly

speculative.)

D-3



Comment No. 16:

Table 1.1 does not include all of the sources from the original air permit
application.

Response:

We have reviewed the tables in the original air permit application with the
sources identified in the submittal of Table 1.1 of the air permit response
letter of January 24, 1984, Some sources identified in the original air
permit application have been eliminated in the current design as was
indicated in the air permit letter of January 24, 1984 and others have been
combined under a more general heading for Table 1l.1. In other cases,
sources emitting contaminants other than TSP were not repeated in Table 1.1
since they were not included in the annual estimates. All TSP emitting
sources in the original air permit application were included in Table 1.1.
If the DNR could indicate the specific sources from the tables of the
original air permit application from which TSP estimates are not included in
Table 1.1, we will review them immediately.

As also agreed at the meeting in Madison on February 29, 1984, we will
provide in an additional table in the revised air permit application, all of
the Project sources for all of the estimated air emissions. This table will
follow the format provided to us by the DNR at the meeting. We will also
include a separate table or tables for annual TSP emissions for the
construction, operation and reclamation phases. This table will be similar
to Tables 1.1 and 1.2 of the air permit response letter of January 24, 1984.

Comment No. 17:

What 1is the source for the estimated TSP emissions for the reclaim ponds?

Response:

Reclaim Ponds Rl and R2 are estimated to have construction activities
including excavation over approximately 49,4 and 29.6 acres, respectively.
Using the TSP emission factor of 1.2 st /facre from EPA AP-42 results in
calculated total TSP emissions of approximately 59.3 and 36 st,
respectively. Since Reclaim Pond R2 is constructed over two years, the
estimated TSP emissions of 36 st are approximately 18 st/yr as presented in
Table 1.1 of the January 24, 1984 air permit response letter.

Comment No. 18:

Provide the manufacturer's brochure describing the insertable collectors
planned for use on emissions produced from handling of ore and waste rock in
the headframe. Will the collector be ducted?



Response:

. The insertable collectors planned for use to control TSP emissions produced
from handling of ore and waste rock in the headframe will not be ducted to
the atmosphere and will be similar to a DCE Vokes Model No. DLV-M 45/15 Fl.
The manufacturer's brochure is provided in response to Comment No. 1 of this
letter.

Comment No. 19:

Will the cement silos for the backfill system be ducted to the insertable
collectors and where will these collectors discharge?

Response:

The cement silos for the backfill system will be located inside the
concentrator building which encloses the backfill surface operations and
will not be vented (i.e., discharged) to the atmosphere. Each cement silo
will have an insertable collector mounted on top of the silo which is
similar to the other DCE Vokes models being used in the facility. (See also
the response to Comment No., 1 of this letter.) The insertable collector
will discharge the collected particles to the silo.

Comment No. 20:

. It appears that the emissions estimate for preproduction ore handling is
listed twice on Table 1.1.

Response:

The emissions listed on Table 1.1 of the air permit response letter of
January 24, 1984 for preproduction ore handling (see Mine Production -
Initial and Coarse Ore Transport) are listed twice. This has been changed
in the revision to Table 1.1. (See Revised Table 1.1 in the response to
Comment No. 13 of this letter.) Although the ore will be handled twice
(i.e., initial loading at the mine, hauling and dumping at the preproduction
ore storage pad; then reloaded from storage, and hauling and dumping into
the crusher), initial ore storage will occur over a period of several years.
Preproduction ore crushing will occur in 1990. The estimated emissions of
12,7 st are as shown on Table 1.1. This estimate has been revised using the
latest emission factor from AP-42 for loading and dumping resulting in a
reduction in total emissions to 10.0 st. (See also Revised Table 1.1 in the
response to Comment No. 13 of this letter.) The maximum year for
preproduction ore crushing is still 1990 with estimated TSP emissions as
follows:



Activity TSP emissions (st/yr)

Hauling of preproduction ore 6.4

Loading and dumping of
preproduction ore 0.1

Wind-blown emissions¥* 0.2

Crushing and handling of,
preproduction ore* 3.3

*See response to Comment No. A4 of the January 24, 1984 air permit letter.



PREPRODUCTION ORE HANDLING

1. Hauling - from main shaft to storage paa in 35 st dump truck

Haul distance = to storage - 1.2 mile round trip
from storage - 1.0 mile round trip
TSP-EF (0.8)(5.9)(s/12)(s/30)2(W/8)g'7(w/6)g-5(d/365) = 1b/veh-mile
(4.72)(6/12)(15/30)2(51/3)" "' (6/4)"*(230/365)
3.31 1b/veh-mile uncontrolled

Example Calculation:

Emissions (controlled) = 3.31 1b veh-mile x 436 veh-miles/yr x st/2000 1lbs x 0.15%*

0.1 st/yr
Volume Hauled No. of Miles Emission
(k-st) Hauls Traveled (tons)
To From

Year Storage Storage
1986 — —-— —_— - -—
1987 11 2%% 371 446 0.1
1988 524 _— 14,971 17,965 4.4
1989 366 - 10,457 12,548 3.1
1990 898 25,657 25,657 6.4

* 857 control with watering and chemical stabilization.

**Haul distance to pilot plant is the same as to storage (i.e., 1.2 miles
round trip).

2. Loading and dumping (L&D):

Loading: Cat 988B - 7 yd3 bucket

(1.6/5)(7.2/5)(4/5)
(4/2)2(7/6)0+33

TSP-EF = (0.73)(0.0018) = 0.,00012 1b/ton

Dumping: 35 st dump truck - 35 st + 2,500 1b/yd3 x 2,000 1b/st = 28 yd3

(1.6/5)(7.2/5)(4/5)
(4/2)2(28/6)0+33

TSP-EF = (0.73)(0.0018) = 0,000073 1b/st

Combined emission rate = 0.000193 1b/st loaded and dumped



Volume Loaded and Dumped Emissions

Year (k-st) ] (st/yr)
1987 13 0.00
1988 524 0.05
1989 366 0.04
1990 898 0.09

Total Preproduction Ore Handling Emissions

Year Hauling L&D Crushing Wind-Blown

1986 -— -—- -—- —-
1987 0.1 0.0 -— 0.2
1988 4.4 0.05 — 0.2
1989 3.1 0.04 -— 0.2
1990 6.4 0.1 3.3 0.2



Comment No. 21:

What is the source for the estimated TSP emissions for the tailings pipeline
construction?

Response:

The estimated acreage disturbed for construction of the tailings pipeline
including excavation is approximately 10 acres. Using the TSP emission
factor of 1.2 st/acre from EPA AP-42 results in calculated total TSP
emissions of 12 st. Since the tailings pipeline i1s constructed over two
years, the estimated TSP emissions of 12 st are approximately 6 st/yr as
presented in Table 1.1 of the January 24, 1984 air permit letter,

Comment No. 22:

Table 1.1 shows 96.3 st/yr particulate emissions from MWDF construction.
What was the input to this rate.

Response:

The derivation of this rate is explained in the response to Comment No. 13
of this letter. Note, however, that MIDF construction emissions have been
revised to incorporate use of different emission factors for loading and

dumping as requested by the WDNR and to provide more specific estimates for

individual ponds. (See also Revised Table 1.l in response to Comment No. 13
of this letter.)

Comment No. 23:

Where are the emissions calculations for drift development found?

Response:

The estimates for TSP emissions produced during mine drift development prior
to and leading into mine operation are presented in the response to Comment
No. 15 of this letter. Operations drift development TSP emission estimates

are presented in the response to Comment No. Cl of the January 24, 1984 air
permit letter.

Comment No. 24:

What is the source for the estimated TSP emissions for the crushing and
screening in Table 1.1 of the January 24, 1984 air permit response letter.

Response:

The estimated TSP emissions for ore crushing and screening were recalculated
after receipt of the revised EPA AP-42, Section 8.23 dealing with mining
operations. The revised emission factors were obtained from Table 8.23-1 on
p. 8.23-4, The calculations are as follows:



Fine Ore Crushing and Screening - Crushing and screening of high moisture

‘l" ore

Emission Factors and Source: AP-42, Table 8.23-1

TSP-EF = 0.03 kg/t secondary and tertiary crushing
0.005 kg/t handling

Duration: 24 hr/day, 365 days/yr
Process Rate: 620 t/hr, 14,880 t/day, 3,629,000 t/yr

Example Calculation:

TSP = 3,629,000 t/yr x 0.03 kg/t x 2 (crushing and screening) x
(1-.979) + t£/1000 kg = 4.6 t/yr
4,6 t/yr x 1.1 st/t = 5.1 st/yr

TSP = 3,629,000 x 0.005 x 8 (handling) x (1-.979) + 1000 = 3.0 t/yr

3.0 t/yr x 1.1 st/yr = 3.3 st/yr
Total estimated TSP emissions from crushing and screening are 8.4 st/yr as
presented in Table 1.1 of the January 24, 1984 air permit response letter.

Comment No. 25:

Provide the calculations used to determine the TSP emissions from combustion
. of natural gas for Facility Heating shown in Table 1.1.

Response:

Natural gas is used for three purposes in the surface facilities. They are:
1) heating the buildings, 2) water heating and 3) water treatment (brine
crystallizer). Each of these processes are described in the following under
its respective heading.

Heating Buildings - Use of natural gas unit heaters. Heat content is
1000 BTU/SCF for natural gas.

Emission Factors and Source: EPA-NEDS, Appendix C, p. C-3,
December 1975 - <10 M BTU/hr (see attached)

TSP-EF = 10.0 1b/10® SCF of natural gas
SO,~EF = 0.6 1b/10® SCF of natural gas
NO,~EF = 120.0 1b/10% SCF of natural gas
CO-EF = 17.0 1b/10% SCF of natural gas
HC-EF = 3.0 1b/10°® SCF of natural gas



Process Rate: 17,350 SCF/hr, 416,400 SCF/day and 33,960,000 SCF/yr
of natural gas

Duration: As required by weather conditions
Control Method and Efficiency: Use of natural gas
TSP = (33,960,000)(10.0/1,000,000)/2000 = 0.17 st/yr
Water Heating - Heating of water in the concentrator building for the
process using a 42,000 BTU/hr boiler. Also, heating water

in the plant services building for washrooms and showers
using a 1,005,000 BTU/hr water heater.

Emission Factors and Source: Same as building heating

Process Rate: 1,047 SCF/hr, 25,128 SCF/day and 9,172,000 SCF/yr of
natural gas

Duration: 24 hrs/day, 365 days/yr
Control Method and Efficiency: Use of natural gas
TSP = (9,172,000)(10.0/1,000,000)/2000 = 0.05 st/yr
Water Treatment - Use of a boiler for VCE (i.e., initial) and brine
crystallization operations in the vapor compression

evaporator process. Boiler will consume 14,600,000 BTU/hr
of natural gas.

Emission Factors and Source: Same as for heating buildings

Process Rate: 14,600 SCF/hr, 350,400 SCF/day and 127,900,000 SCF/yr of
natural gas

Duration: 24 hrs/day, 365 days/yr
Control Method and Efficiency: Use of natural gas
TSP = (127,900,000)(10.0/1,000,000)/2000 = 0.64 st/yr

Total Estimated Facility Heating TSP Emissions

TSP (st/yr)

Heating Buildings 0.17
Water Heating 0.05
Water Treatment 0.64

Total 0.86



Attachment for Comment No. 25
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Comment No. 26:

. Where are the estimated TSP emissions for the pilot plant activities?

Response:

Most of the pilot plant activities are currently designed for completing the
program within the core storage building. The equipment will not be vented
to the atmosphere and there will be no stack releasing emissions from this
facility. The only activity producing air emissions is the temporary
portable crusher outside the core storage building. The crusher will have a
baghouse collector with an estimated efficiency of 99% as presented in the
response to Comment No. A4 of the January 24, 1984 air permit response
letter. The estimated TSP emissions for crushing and handling of all of the
preproduction ore (898 k-st) is 3.3 st/yr as presented on p. 26 of the
Janaury 24, 1984 letter. The pilot plant is estimated to process
approximately 2 k-st (see p. 22 of the Janaury 24, 1984 letter) of
preproduction ore., This represents 0.2%7 of the preproduction ore and 0.007
st of the calculated TSP emissions from crushing the 898 k-st of this ore.
These TSP emissions were included in the 12.7 st/yr provided in Table 1.1
for Mine Production - Initial in 1990. They are now included in the

10.0 st/yr estimate provided in Revised Table 1.1 (see response to Comment
No. 13 of this letter) for Mill/Concentrator Operations - Coarse Ore
Transport (i.e., preproduction ore in 1990).

Comment No. 27:

. How was the burning TSP emission estimate for forest residues determined?
How will this material be burned - in one pile or several piles? Do you
intend to apply for permits for the burning for each occurrence?

Response:

The TSP emission estimate for burning unspecified Forest residues was
determined by using the available harvestable timber estimate provided in
the report entitled, "Forest Inventory Timber Appraisal and Forest
Management Recommendations on 3,474 Acres of the Crandon Mine Project ,”
prepared by E. F. Steigerwaldt and Sons (1982), Tomahawk, Wisconsin
(previously provided to the DNR) and the emission factors presented in EPA
AP-42, Table 2.4-2, p. 2.4-3. The Steigerwaldt report provides a
harvestable timber estimate for the acres to be cleared for construction of
12,677 total cords. Approximately 1.75 st/cord (3,500 1lbs/cord) is the air
dry weight (see Attachment 1) of this timber with brush and waste (i.e.,
unspecified Forest residues) an estimated 65% of the harvestable timber (see
Attachment 2). See also Comment Nos. 129 (EIR letter of October 3, 1983)
and 86 (Mine Permit letter of November 17, 1983). These estimates were used
to calculate the tons (st) of unspecified Forest residues for the various
areas of the Project facilities as follows:

1) The MWDF and reclaim ponds cover 614 acres with estimated
harvestable timber of 8603 total cords (Steigerwaldt, 1982). The
. acreage for construction of the initial tailing and reclaim ponds



is approximately 136 acres or 22% of the total 614 acres.
Therefore, approximately 1900 cords (8603 x 0.22) of timber will be
harvested for construction of the initial tailing and reclaim
ponds. The estimated air dry weight of these 1900 cords is 3325 st
(1900 x 1.75) with approximately 2161.25 st (3325 x 0.65) of brush
(i.e., unspecified Forest residues). The estimated brush tonnage
of 2161.25 st was used with the emission factors of AP-42, Table
2.4-2 to calculate the estimated contaminant air emissions from
burning. (See Comment No. 160 of the EIR response letter submitted
to the DNR on October 3, 1983.)

2. The construction zone for the mine/mill site was estimated to be
approximately 104 acres for the air permit response letter of
January 24, 1984, This estimated acreage included approximately
14.7 and 89 acres from clearing the pad areas (see response Al of
the January 24, 1984 air permit letter) and the mine/mill site,
respectively. (See also Comment No. 86 of the Mine Permit letter
submitted to the DNR on November 17, 1983.) The estimated
harvestable timber for the 89 acre mine/mill site is 1215 cords
(Steigerwaldt, 1982). The estimated unspecified Forest residues
for this 89 acres is approximately 1382 st (1215 x 1.75 x 0.65).
Using the AP-42 TSP emission factor of 17 1b/st x 1382 st x st/2000
lbs, gives an estimate of 11.8 st/yr for TSP air emissions for
burning of unspecified Forest residues at the mine/mill site. By
proportion for the 89 to 104 acres, an estimated 1420 (1215 + 89 x
104) cords of harvestable timber was calculated for the total 104
acres., Approximately 205 cords would be harvested from the pad
areas (i.e., 14.7 acres). This 14.7 acres would also have
approximately 233 st of unspecified Forest residues. Using the
AP-42 TSP emission factor of 17 1b/st x 233 st x st/2000 lbs, gives
an estimate of 2.0 st/yr for burning the unspecified Forest
residues of the pad areas.

3. Similarly for the access road and railroad spur current estimates
for cords of harvestable timber are 272 and 411 cords,
respectively. Estimated unspecified Forest residues are 309 and
468 st, respectively. (See also Comment No. 129 of the EIR letter
submitted to the DNR on October 3, 1983.) The revised air permit
calculations for estimated TSP air emissions are 2.6 and 4.0 st/yr,
respectively.

4., The slurry pipeline and haul road is estimated to have 87 cords of
harvestable timber on the 8 acres for construction clearing.
Approximately 99 st of Forest residues are estimated to be burned
with TSP air emissions of approximately 0.8 st/yr. The revised air
permit application will include these calculations.

Although we intend to utilize much of the unspecified Forest residues for
mulching, we have conservatively assumed that all of it will be burned for
the air permit application. Actual burning will occur periodically during
the year as portions of the Project areas are cleared for construction
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- LOCATING, CUTTING,

- e =t AND GATHERING WOOD

Gordon R. Cunningham and Arlan L. Wooden

You can buy wood for home heating from fire-
wood dealers, or you can gather it (with permission,
of course) from national, state, county, community,
industrial, farm, and small private woodlands.

Nature makes most fuel wood available—trees
die, and wind blows them over. Storms, fires, insects
and diseases damage trees. Sometimes we cut healthy
trees to leave more room for others to grow.

Most of the public forest managers, many indus-
trial forest owners, and some private forest owners
will give permission for harvesting wood for personal
home heating. Locations of some of these forests,
~and regulations for harvesting fuel wood from them,
" are given at the end of this publication.

If the private woodland is your own, your con-
cerns are to (1) figure how much wood you need
for heating each year, (2) know how much your
woodland will grow, and (3) plan how to gather
and store wood for buming.

FIGURE HOW MUCH WOOD YOU NEED

The easiest way to figure how much fuel wood
you will need for a heating season is to covert your
present fuel consumption to wood equivalents. Or,
you can estimate the heat loss and fuel needs for
your house. f

Below are figures to help convert your present
fuel to wood equivalents. A standard cord of wood -
is a stack 4’ x 4’ x 8’; it includes 80 cubic feet of
solid wood. The heavier (better) hardwoods weigh,
per standard cord, between 3000 to 4000 pounds
(1361 to 1814 kilograms) when air-dry, so you
can use an average of 3500 pounds (1387 kg) per .
cord for your estimate. -

1 gallon of #2 fuel oil = 22.2 pounds of wood

1 therm (100 cubic feet) of natural gas = 14.0
pounds of wood

1 gallon of propane gas = 14.6 pounds of wood

1 kilowatt-hour of electricity = 0.59 pounds of
wood ‘

1 pound of coal = 1.56 pounds of wood.

Using #2 fuel oil as an example, if you burn 1000
gallons of fuel oil then 1000 x 22.2 = 22,200 pounds
of wood. Dividing 22,200 by 3,500 means you
would need 6 1/3 standard cords of wood. For a
more accurate estimate, and information on how
much you can afford to pay for wood compared
to other fuels, see Publication G2874—-Wood for
Home Heating: WOOD AS FUEL.

The second method to figure how much fuel
wood you need for a heating season is to calculate
heat loss and fuel consumption for your house.
Circular A1844 “How to Calculate Heat Loss and
Fuel Consumption” will help you estimate heat
losses through walls, ceilings, windows, doors and
various kinds and amounts of insulation. Let’s
assume your calculations show your house is
losing about 200 million Btu’s per heating season.
(A Btu, British thermal unit, is the heat needed to
raise the temperature of one pound of water one
degree Fahrenheit). A pound of air-dry wood pro-
vices about 5800 Btu’s of heat, so 200,000,000
divided by 5800 equals 34,483 pounds of wood
needed. And 34,483 divided by 3500 equals 9.8
standard cords of wood you need.

HOW MUCH WOOD WILL A WOODLAND
GROW?

The average woodland in Wisconsin grows about
38 cubic feet of wood usable for fuel on each acre
annually. This is about 1/2 a standard cord. Inten-
sive management can double this growth rate.

With careful selection of trees harvested for fuel
wood, the remaining trees in a woodland will grow
more vigorously, because they will have more soil -
moisture, nutrients, and sunlight. Removing some

" trees to favor others is called Timber Stand Im-

provement, or TSI as foresters abbreviate it.

A Department of Natural Resources forester, or
a consulting or industrial forester, can mark the
trees to cut. The forester will know how many
trees can be removed without taking more than

" the woodland will grow.
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Attachment No. 2 for Comment No., 27

‘ The total of unharvested annual growth for each county was reduced
by a proportion equal to the forest industry land ownership for that county,
therefore factoring in the unavailability of forest industry timber. The
remainder is conbkidered available for use on a sustained basis. The figures
in the next-to-last column represent roundwood volumes only, and do not
include thé weight of branches and tops. If branches and tops are added, the

total tonnage would be increased by about 45 percent. The Forest Residues

Energy Program report also adds cull trees, which would increase the estimated

amount by about another 19 percent. The addition of these forest residues is

accounted for in the last column of Table 5.

3.1.3.2 Mill Residues

Additional amounts of fuel are available in the form of will
. residues (such as bark, sawdust, slabs, and edgings). Data for 1972 and 1973

on residue production from primary processing and unused residues are sum-
marized in Table 6. Since that time, however, demand and use have increased.
Currently, there are at least five major users of wood residues:

Superior Power - at Ashland, Wisconsin

Weyerhaeuser Mills - at Marshfield and Rothschild, Wisconsin

Owens-I1llinois - at Tomahawk, Wisconsin

Champion International - just starting at Iron Mountain, Michigan

Mead Mill - at Escanaba, Michigan -
There is also a public school in Park Falls, Wisconsin, that heats with wood

chips, and several other mills are discussing conversion to burning residue

and chips.

*Dames & Moore, 1981. Wood-fired Power Plant Siting Study. Conducted for
Wisconsin Public Service Corporation. Excerpt is
p. 2 of the report. Dames & Moore, Park Ridge, IL



activities. Therefore, burning will be completed with several piles on the
ground surface.

As agreed at the meeting in Madison with the DNR on February 29, 1984, we
would coordinate each of these burnings with the North Central District DNR
office in Rhinelander, Wisconsin. We would also apply for any necessary
open burning permits required by local governments.

Comment No. 28:

Provide a copy of the memorandum from Mr. Charles A. Collins, Wyoming
Department of Environmental Quality, which was referenced on p. 23 of your
January 24, 1984 air permit response letter. This was used as the citation
for squaring the vehicle speed correction factor ratio when calculating
emission factors for transportation on unpaved roads.

Response:

A copy of the subject memorandum was provided to Mr. Steve Klafka at a
review meeting in Madison, Wisconsin on March 1, 1984. Another copy of this
memorandum is attached.

Comment No. 29:

It was assumed that the haul road and surface access roads had a silt
content of 6%. Unless a gravel surface will be used on unpaved roads the
silt content of native soil should be used.

Response:

Gravel obtained from local suppliers will be used on the haul road and
anpaved surface access roads.

Comment No. 30:

The emission control factor used in Exxon's emission calculations for the
haul road is 85% based on use of chemical stabilization. Please provide a
reference for this control factor as AP-42 shows a control factor of 507 for
chemical stabilization.

Response:

An excerpt of a letter from EPA Region VIII, December 10, 1979 is provided
which shows a control factor of 85% for chemical stabilization of mine haul
roads.

The control factor of 50% shown in AP-42 is a factor based on chemical
stabilization only (no watering) of public unpaved roads. The reference
from which that control factor was cited, also gives a control factor for




Attachment for Comment No. 28

MEMORANDUM

TO: ' Whom It May Concern .
r i
THROUGH : Randolph wboﬁ::Ez:'_d_ .
y Administrato
FROM; Charles A. Collins {Zﬁ&ﬁi
Air Quality Supervisor
SURJECT: Fugitive Dust Emission Factors
DATE: Jnnuary 24, 1979

Artached to this memorandum is a puldeline for fupitive dust emission lactors
vhich the Division will be using to cvaluate all future and pending applications
reparding major sources of fugitive dust. The nttached guideline will supcrcede
a previous guideline dated November 14, 1976. The Division had proposcd to use
the November 14, 1978 guideline in conjunction with a fallout funcrion for
dispersion modeling purposes and has since determined that the use of a fallout
function as presented by PEDCo in reference 1 of the attached material is not

o workable tool.

The Division will be using the attached guideline emission factors as input to
a CDM dispersion model (rural version) assuming no fallout or deposition of
particles 30 um in size and smaller. The emission factors as presented and
sdjusted sccount only for that portion of.emissions which are 30 um in size
and smaller.

Certain selpcted emission factors and accompanyinp 30 um cut off factors were
sclected from the 1978 PEDCo report. To arrive at presented emission factors,
the DPivision went to Tables 4-1 through 4-7? of subject report to obtain average
_ apparent emission rates and then selected the 30 um particle size fraction by
reviewing data in Table D-1 and composite size distribution curves on figure
4-2., A fugitive dust emi{ssion rate diagram is presented following this memo-
randum to illustrate the Division's assumptions in extracting data from the
PEDCo report for the following mine specific operations:

1. Overburden Removal
Dragline, Mine B
Truck/Shovel, Mine E
2. Product Removal
Coal-Truck/Shovel, Mine B
3. Troduct Dumping
Coal Truek Dump, Hine B
4. Stockpiles (wind erosion)
Stockpile, All Mines

5/
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. TABLE C-1 {completed).
. CUTDELIXE FOR YUCITIVE DLST EY1SSIONS (con't)

b i
[

Rotes:*
?. Eatimsts only - not msasured. Ko correction is mede for I suspended material as dacra is net available,

B 1.2 uy 1b/acre/hour where o is uind spesd in ma/sec. Factor includes soma equipment activity around and on piles,
Tocel emtssion sheuld fmclude truck dumping, ete. Adjust by rario of dry days to total days in existence.

5. Fro= Raference § 2 e 0.05(s/1.5)(d/235)(£/15) (D/90)iba/ton throughput through pile
: vhere 8 » 3ilc eomtent of materinl (I)

d = no. of dry days/yr

f = percintage of tima wind spasd excceds 12 mph

D = duration of materiel in storage (days)
Referencas!
(1) EPA-%DR/1-78-DD), "Survey of Fupitive Dust from Coal Hines”, by PIDCa Environmental, Inc., Fabruary, 1378,
(2) EPA-B0R/1-76-004, "Wyoming Air Quality Maintenence Area Anslya{s”, by PIDCa Environmental, Inc., Hay, 1375,
"(3) AP-42 "Compilatfon of Air Follutant Eaissics Factors (Supplemente 1-B)", May, 197€:
(&) PEDCo 1976, "Evaluscion of Fuglcive Dust Emisslons from Mining", by PEDCo Envivonmental, Ine., April, 1976.

(53 C. Couherd and R.¥. Hendriks, "Devclopment of Fupitive Dust Emlssion Factors for Irdustrial Sources”, Paper NWo.
. 78-55.4, Acnual Mseting Alr Pollutien Ceatrol Assoclstion, Rouston, Taxas (June, 1978).



Attachment for Comment No. 30

3 .
E :Z 3 UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
I3

0\
Vo pmctt” REGION Vit

1960 LINCOLN STREET
PPEL AT’ _
REF: B8AH-A

Dear Colleague:

In January, 1979, the Environmental Protection Agency (EPA)
Region VIII distributed an Interim Policy Paper oglfhe Air Quality
Review of Surface Mining Operations. This paper attempted to ‘present
guidelines on the review of surface mining operations pursuant to the -
Prevention of Significant Deterioration of Air Quality (PSD) regula-
tions, 40 CFR 52.21. :

Two hundred people attended a public:meeting to discuss this paper
on February 6, 1979. We are -today distributing a revised document
entitled “Compilation of Past Practices and Interpretations by EPA on
the Air Quality Review of Surface Mining‘Operations.” This paper is

being distributed today in full awareness of the June 1979 Alabama Power

Company v. EPA opinion of the District of Columbia Circuit, U. S. Court
of Appeals, and the September 5, 1879, EPA reproposal of the PSD regula-
tions (44 FR 51924) in response to the above decision. This distribu-
tion is being made for the following reasons:-

1. Potential permit applicants have asked for guidance on what
control methods constitute BACT. This attached paper provides
information on past BACT decisions.

2. The final Alabama Power v. EPA decision and final PSD regula-

tions may be several months away in time.

3. The existing PSD regulations (40 CFR:52.21 (1978)) are still
being implemented at this time. :

4. This document will provide guidance to States in Region VIII
whose PSD regulations closely resemble 40 CFR 52.21 (1978).
SIP revisions to incorporate the next revision of the federal
PSD regulation may not be formally approved until late 1980 or
early 1981.

5. The EPA Region VIII Energy Policy Statement indicates that
efforts will be made to provide industry and the concerned
public with a better understanding of EPA policies.

This office fully expects to make all necessary rgvisions to this
document when the next set of PSD regulations are finalized.
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If you have any questions on this document please refer them to
Norman Huey or David Joseph of the Air Programs Branch, Air and Hazard-

- ous Materials Division, at (303) §37-3763.

7
{;{{ 114 ams
egion& Administrator

Attachment

\



| . Compilation of Past Practices and Interpretations by EPA Region VIII
= on Air Quality Mining

1. Background

On December 5, 1974, EPA promulgated regulations under the 1870
version of the Clean Air Act for the prevention of significant deter-
joration of air gquality (PSD). These regulations established 2 pro-
gram for protecting areas with air quality cleaner than the national
ambient air quality standards (NAAQS). The primary mechanism for
implementation of that program was 2 preconstruction review program
applicable to specific categories of major stationary sources. Nine-
teen source categories were listed in those regulations. Under that
new source review program which has been implemented by EPA, a pro-
posed major facility was reviewed according to the following criteria:

(1) The combined impacts of that source and other new sources in
the area could not exceed prescribed ambient air quality
increments. Increments for total suspended particulates
(TSP) and sulfur dioxide were established and in a given area
are a function of the PSD classification of the area; and

(2) The new or modified source must utilize best available con-
trol technology (BACT).

On August 7, 1977, Congress amended the Clean Air Act and Part C
of the new Act contains specific requirements for the prevention of
significant deterioration.

For the most part the 1977 Amendments were a codification of the
EPA regulations. However, some additional requirements were inclu-
ded. A few of these additional requirements are:

(1) The source category list was expanded to 29 and the Amend-
ments added a general provision requiring applicability to
any new or modified source which will have potential emis-
sions of 250 tons per year; ‘

(2) The air quality increments were revised;

(3) Certain areas were established as mandatory Class I areas and
the Federal Land Managers for these areas were given specific
responsibilities to protect the air quality related values of
the areas; and

(4) One calendar year of ambient air quality monitoring data may
be required to accompany a PSD application.

------ L=
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. The expansion of the applicability of the PSD program has resulted
jn the inclusion of fugitive dust sources in the PSD coverage. In
fact, because of the nature of fugitive dust sources, such as surface
mines, the 1977 Amendments have applied the preconstruction review
program to relatively many small operations.

Because of the differences between point (stack) sources and fugi-
tive dust sources in terms of control technology, as well as localized
versus regional air quality impacts, it was necessary for EPA to de-
velop unique criteria in the review of preconstruction applications
for operations which cause fugitive dust. These provisions were cod-
ified in regulations published on June 19, 1978, (43 FR 26388). Since
- promulgation of those regulations, EPA Region VIII has received more
than 40 permit applications from companies planning operations which
would cause fugitive dust emissions. During that period, because of
the complexity of the PSD program, particularly with respect to the
unique provisions for fugitive dust sources, numerous questions have
surfaced which need immediate resolution. The following discussions
are intended to address these questions and the manner in which they
were resolved, and are {ntended to provide insight as to the inter-
pretations by Region VIII staff regarding some portions of the PSD
regulations. Four general areas are addressed:

(1) General - Discussions of the interpretation of certain defin-
. 7tions as they apply to fugitive dust sources and interpre-
tations of other general provisions of the PSD regulations.

(2) Monitoring - Region VIII interpretation of the intent of the
preconstruction/postoperation monitoring requirements as-they
2pply to operations which cause fugitive dust, and the design

of monitoring programs which have been approved by Region
VIII. ’ :

(3) BACT - Region VIII interpretaton of the applicability of the
BACT requirement with respect to fugitive dust and control
practices considered in reviewing pending applications.

(4) Modeling - Region VIII's current thinking regarding available
models for fugitive dust sources.

1I. General Interpretations

During the consideration of permit applications (eceived to date a
number of clarifications and interpretations of the intent of the PSD
regulations with respect to fugitive dust have been necessary. Some
of these involved clarification of the definitions contained in the 40
CFR 52.21(b) of the PSD regulations. Others involved clarification of
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other portions of the regulations and their application to fugitive
dust sources. The following is a discussion of some of the issues
that have needed resolution and the interpretation which was imple-
mented by Region VIII.

(1) Fuoitive Dust - Included in this category are overburden and

(2)

(3)

(4)

(5)

(6)

topsoil removal, grading, exposed soils, and haul roads. Not
included are operations involving the processing of product
or product ore (i.e., coal, uranium ore). The processing of
product includes the emissions resulting from the actual
removal of the product from the earth (e.g., blasting, and
removal of coal from the seam), as well as emissions resul-
ting from the conveying, crushing, screening, storage and
transfer of the product.

Best Available Control Technology - This is usuzlly expressed

ac a numerical emission limitation. However, for operations
which cause fugitive dust it is expressed as a set of work
practices designed to minimize, to the maximum extent prac-
ticable, emissions of fugitive dust.

Potential Emissions - Total uncontrolled emissions, including

fugitive dust.

Allowable Emissions - Total controlled emissions. Depending
upon the apprlication of allowable emissions, it may either
include or exclude fugitive dust (See Item I1I-5).

Review Criteria - Any source (i.e. mine) with potential emis-

sions greater than 250 tons per year is subject to PSD
review. Potential emissions are computed for 211 facilities
within an operation, including fugitive dust. BACT is
required of 211 facilities if the total allowable emissions
from all facilities are greater than 50 tons per year or 1000
pounds per day. In this portion of the review, gontrolied
fygitive dust emissions woyld be included in the determi-
nation as to whether the allowable emissions exceed 50 tons
per year or 1000 pounds per day. Air quality review, includ-
ing monitoring, modeling, and additional impact analyses, is
required if allowable emissions (excluding fugitive dust
emissions) exceed the above criteriz given for BACT. As
described in 40 CFR 52.21(k)(5), the allowable emissions
would not include fugitive dust and the air quality review

could exclude impacts of fugitive dust.

Boundaries - The air quality review need not consider impacts

wiihin the applicant's boundaries or within the boundaries of

neighboring industrial operations. The source boundary is
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generally defined as the permitted 2rea (or area owned by the
applicant) as specified in an aporoved minina plan. On certain
occasions it may be necessary to define the boundaries in terms
of the leased area. If 2 well defined mine rlan Bouncary does
not exist, then a case-by-case determination of such boundaries
must be made during the permit review.

(7) Modifications - A modification is referred to as a chanae in
the operation which would increase potential emissions by 250
tons per year. In the case of a mining operation an annli-
cable modification would usually consist of an {ncrease in
the production rate above that which existed on August 7,
1577, or above that which is stinulated in &2 PSD or State new
source nermit. Changes in the aress of an operation can also
be considered a mocification if there is a net increase in
emissions of more than 250 tons per year. Specifically, for
an operation which has a2 PSD permit, that rermit will stin-
ulate those areas which can be mined without being considered
a2 modification.

(8) Emission Factors - The state-of-art for emission factors for
fugitive dust s extremely limited at present, and additional
field studies are absolutely necessary. Those factors which
Region VIII believes best represent particulate emissions
from mining operations are shown in Section IV of this
paner. However, this list {s not all inclusive and other
representative emission factors can be used after consul-
tation with Region VIII staff. EPA hes recently contracted
Midwest Research Inc. anc Pedco-Environmenta] o perform a
Joint study to develon better emission factors for western
surface minino operations. This ouideline document will be
updated to incorporate the new emission factors when they
become available in early 1980.

(9) Emission Categories - While the major facilities within 2
operztion which causes fugitive dust are taken into account
when determinina the total potential emissions from the over-
a1l source, clarification is required concerning 2 few cate-
gories.

(a) Mobile Sources - Tail pipe emissions are ignored for PSD
purposes.

(b) Construction Emissions - These emissions are not con-
sidered in determinino whether & new or modified source
is subject to the PSD regulation. However, if a PSD
permit is reauired, the construction phase emissions of
an operation is subject to the BACT requirements.
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........

~ﬁw (c) Secondary Emissions - In computing potential emissions,
27] on-site reenirained dust traffic emissions are
included. In addition, off-site reentrained dust from
hauling product or product ore are considerec. However,
reentrained dust from off-site employee traffic is
ignored.

I111. Monitoring

Section 52.21(n) of the PSD regulations provides the opportunity
for EPA to require ambient air quality monitoring both prior to sub-
mission of a PSD application and during the operation of the source.
This requirement applies only to a major source whose allowable emis-
sions, excluding fugitive dust, exceed 50 tons per year or 1000 pounds
per day.

The main purpose of this requirement is to assess the air quality
jmpact of the source and to determine if the source is contributing to
a violation of a national ambient air quality standard. The extent of
ajr quality data which must be collected is determined by EPA on a
case-by-czse basis depending upon the need for data and the represen-
tativeness of the air quality data already being collected or
! previously collected in the vicinity of the proposed operation.

. - Considerations which EPA has used in the review of PSD ambient air
monitoring network reviews are discussed in Appendix A. This internal
check1ist may provide useful information for prospective applicants.

As an example, the type of ambient monitoring which is being per-
formed for various reasons by a few large surface mines in the west is
described below:

Preconstruction

For baseline levels, TSP data is collected for one year using
hi-vol samplers at one or more sites in the vicinity of the proposed
mining operations. To provide statistical confidence in the monitored
results, a sampling freguency of once-every-third day should be uti-
1ized. State schedules which prescribe some other frequency, repre-
centativeness of data collected on other less frequent sampling
schedules, availability of electrical power and manpower, and costs
are considerations which influence the choice of an optimum monitoring
freguency. In addition to TSP, one air monitor should be equipped to
provide information on particle size distributon. These data could
provide some insight to the general contribution of very large
particles to high concentrations of TSP. If sophisticated "level two"
diffusion modeling (as described in Section V) will be utilized to
predict ambient impacts, it would be to the applicant's advantage to

. -



collect continuous meteorological data 2t one location to collect data
needed as input to the model. Also "event-triggered” orecipitation da1
would be extremely useful for computing annual emissions where nrecic-
tion of emissions is dependent upon precipitation.

Onerational

In order to determine the variability of air quality imnacts from
minino activities, TSP data could be recorded on a more frequent basis
than during the baseline program at three locations (two in the pre-
vailing downwind direction and one upwind). One of the two downwind
sites should also collect particle size data. In addition, meteor-
oloaical data similar to that collected in the preconstruction phase
should be recorded. Collection of these data should allow the mine
operator to be able to better demonstrate the contribution which his
overations are makina toward recorded air quality concentrations.

IV. Modeling .

The PSD requlations (40 CFR 52.21(1), (k) and (b)(6) reauire an
air quality impact ana1ysws on the non-fuaitive dust nortion of the
particulate matter emissions resulting from mining activities if the
21lowable emissions (excludina fugitive dust) from these sources ex-

ceed 50 tons per year or 1000 pounds per day, whichever is more
restrictive. EPA recommends that the impact analysis make use of
existina atmosoheric dispersion models such as those discussed in the

"Guidelines on Air Quality Models" (EPA-450/2-78-027). 1f the appli-
cant has access to a model, or models, which are equivalent to or an
improvement over those listed in the guidelines document, for a speci-
fic application, and can demonstrate their equivalence or improvement,
the epplicant may use such models nursuant to the recuirements of 40
CFR 52.21(m). Departures from the Guideline models must be subject to
public notice and opportunity for public comment.

Because model applications for particulate matter with an anpre-
cijable settling, and model verification studies for such applications,
have not reached the same degree of acceptance as for qaseous pollu-
tants, it is recommended that two levels of sophistication be con-
sidered. The first level would be a rather simple anproach which
would make use of screening techniques using acceptable models in
which the particulate matter would be assumed to behave much the same |
as gaseous pollutants. This aporoach would make use of the commoniy ‘
acceotable dispersion models which are aoo11cab19 for screening tech-
niques as referenced in the "Guidelines." This simple technique would
be expected to provide conservative estimates. If this analysis
demonstrates that the mining operation causes an insignificant impact
(e. a. one-half the controliina increment or less), no additional anal
would be required. 1f the analysis shows a sionificant impact (e. 0. |
greater than one-half the controlling increment), additional, more
soph1st1cated modeling technigues may be necessary.
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. T Simple Gaussian models which consider both point and area sources
would be appropriate for this first level of review. Past practice at
EPA Region VIII has been to often use the EPA Valley Model. The usual
limitations which restrict the use of atmospheric dispersion models
(see Guideline on Air Quality Models) should be taken into consider-
ation in the impact analyses on mining activitie.

The second level of sophistication would require using models not
provided in the referenced guidelines document. Models appropriate
for this more refined analysis should consider fall velocity and
deposition velocity of particles. This approach requires emissions
data not commonly available; i.e., particle size of the point or area
emissions. This information must be provided by the applicant.

Because more sophisticated models are not referenced in the Guide-
lines, it will be necessary for the applicant to review model use with
EPA Region VII1 and comply with the public review provisions of 40 CFR
52.21(m) and (r). Those models may range from Gaussian types such as
the Industrial Complex Source Model, ERTAQ, or others, to numerical
models such as Systems Applications, Inc., IBM, IMPACT, Lawrence
Livermore Lab, SRI, or others.

Finally as discussed in Section 1I of this policy paper, air qual-
; e ity impacts will be assessed beyond the mine "permitied area" boun-
. dary. Long term and short term simulation models will be required.

Application of the models will 1imit prediction of concentrations out
to a maximum distance of 50 kilometers and/or when the TSP concen-
tration becomes less than 1 ug/m3 for 24 hour average. However, any
reasonably expected impacts (such as greater than ten percent of the
Class I increment) must be considered for Class I areas regardless of
the above distance and significant criteria.

V. Best Available Control Technoloay (BACT)

BACT on all emissions from mining activities, both fugitive and
non-fugitive, 1s required pursuant to 40 CFR 52.21(J) if allowable
emissions_(fugitive plus non-fugitive) exceed 50 tons per year or 1000
pounds per day. Under the Clean Air Act Amendments of 1977 and the
revised PSD regulations (43 FR 26388), BACT is to be determined on a
case-by-case basis rather than automatically applying an applicable
federal New Source Performance Standard (NSPS) as was the case under
the previous PSD regulation.

EPA has published general guidelines for determining BACT. (This
guideline document appears as Appendix B.) Case-by-case determin-
ations of BACT must take into account several factors including cost,
energy and technical feasibility. The procedure for determining BACT

-
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requires first, that the applicant propose in its PSD application air
pollution control systems which the applicant believes represents
BACT. EPA reviews the proposed controls and may request supporting
information and/or considerations of alternative control systems prior
to meking a final decision on BACT. Pre-application meetings between
EPA Region VIII and poiential applicants have proven to be a useful

tool in helping applicants to define BACT for their particular source
or operation.

Suggested factors that may be considered in a BACT impact analysis
include, but are not 1imited to: energy consumption; air, water and
solid waste pollution; economic costs; capital availability; geo-
graphical and climatic factors; or the physical characteristics of the
product (e.g., high moisture content).

Economic ratios such as the ratio of total control costs to total
investment costs, cost per unit of pollutant removed, and unit produc-
tion costs may prove helpful in defining the point at which a given
control measure becomes economically infeasible. The Appendix B
guideline discusses the above ideas in more detail.

In response to numerous questions during pre-application meetings
concerning what control practices would constitute BACT for surface
mining operations, we include Table 1. This table summarizes EPA
Region VIII's past practices and experiences with BACT determinations
for previously permitted large surface coal mines (greater than 4 MM
tons per year{ and open pit uranium mines. Deviations from this list
of BACT practices may well be expected for smaller operations, oper-
ations in other oceographical areas, various precipitation conditions,
and other types of surface mining operations. Again, we stress the
importance of determining BACT on a case-by-case basis considering
environmental, energy and economic factors. TAble 1 does not con-
stitute a definition of BACT for all surface mining operations.
Rether, it provides a concrete illustration of what Region VIII has
accepted as BACT for certzin operations in areas of the western United
States. For example, baghouses and enclosed storage piles mezy be
economically infeasible for the small coal mine operator. The BACT
determination can reflect this and allow for alternate schemes of
control.

Table 1 also 1ists the emission factors and control efficiencies
used in past BACT analyses. The EPA Region VIII office will consider
the use of other emission factors if the applicant can demonstrate
their appropriateness.



. Summary of Past BACT Determinations Made by Region VI1I for Large

Process bpgratiqg

1. Topsoil removal

2. Topsoll stock pile

3. Drilling

a. coal
b. overburden

4, DBlasting

1,
a. overburden-
b. coal

5. Overburden removal
a. dragline

b. trUCk/shovef
c. scraper

6. Overburden stockpile

Surface Coal and Uranium Operations

Uncontrolled Cmissfon Factor
BACT Contro’

BACT Proctice | Range Best Estimate Efficiency

16 f/scraper hr. SJ)
or 0.38; W/Yd3 (1

Stabilization via either

a. rapid revegetation or, R L} 4
b. mulch or, B85%
c. chemical dust suppressant* or, : a5%
d. establish wind breaks , 50%
Use of bag type collector on air drill, 90%

) ter 1 ted
or water injecte 0.22 #/hole {11

1.5 f#/hole
2. Minimize area to be blasted . f(area blasted)
b. Prevent overshooting f (smoupt of.. -
14.2 - 85.3 0/b1ast{l} i b1asgfﬁgf"'.
25. 1 - 78.1 #/blast(l

a. Minimize fall distance
of material

.

.0056 - .053 #/yd3 (1)
.037 #/ton (1)
16 #/scraper hr.(9)

Stabil11zation via either

a. Temporary vegetation or, ) ) §011 loss equatfon  75%
_b. Mulch or, AR (g) 85%

c. Chemical dust suppressant* . ‘ 85%



- ' BACT - Mining
' Uncontrolled Cmission Factor

BACT Contro’

Process Operation BACT Practice Range Best Estimate Efficiency
7. Overburden shaping a. Leave ridges with . : : ,
K=2-5 sofl loss equatign**.
3)

b. Establish wind breaks

c. Orient piles perpendicular
to prevailing wind .

d. Rapid revegetation (1.e. within one growing scason)

e. Minimize spoil pile area :

¢

8. Product removal Minimize Fall Distance : , . ,
a. Coal-Truck/shovel 0.0035-0.014 #/ton(1)
Coal-Front end loader , 0.12 #/ton’ (1)
b. Uranium ) | _ 0.05 #/ton (4)
) .
9. Product dumping a. Negative pressure or,
b. Spray system on dumped
material Co :
a. Coal-bottom dump 0.005-0.027 #/ton (1) .
Coal-end dump 0.007 #/ton (1)
b. Uranfum-end dump ' | 0.04 #/ton (4)

10. Praduct storage ot

|

a. Coal a. Enclosed . . . :
wind erosfon from | T :1.6 u #/acre hr (1)
open pile where u = wind spced, m/sec
i . | . -
b. Uranium a. Plle wetting Co 4 AR

85%
50%

99%

50%



© Tabl~ .1
BACT - Mining

Process Operation BACT Practice | Range

11. Product loading
a. Coal load into silo a. Baghouse on silo,
Coal load out from :
silo b. Retractable chute on load out,

c. Minimize no. of openipgs ’

d. Spraying of coal In cars

A

HESEES]

Uncontrolled Emission Factor

BACT Control ~
Best Estimate Efficliency

0.0002 #/ton (1)

95%

b. Uranfum .05 #/ton (4)
12. Naul roads ' . (0.6)(0.818) ‘365-%r**
- : a. Speed control, and E 30 36 (2) f(speed) !

b. Chemical stabilization éﬁt '
worked into road* IR
.c. Restrict off road use 1001
13. Access roads
1f public
b f controlled by :
operator a. Paving or equivalent
stabilization 2 (0. 5)(0 815) (%Eg:‘)" (2) 35 - 100%
b. Speed control, and _ f(speed) -
c. Restrict off road use 100%
14. Road maintenance a. Removal bf loose debris.' 32 '/road (4)
\ grading grader hour -
b. Chemical stabil{zation of - : -
roadbed after grading*
15. Disturbed areas . Stabilization via elther . Sol11 loss equation**
- ' a.-Chemical dust suppressant*, or ~(3)  Bse
b. Mulch,op. 85%
c. Revegetation within one growing season, oﬂ 75%

d. Minimize area disturbed

f(area)
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' BACT - Mining
Uncontrolled Emission Factor
o " BACT Control

Process Operation BACT Practice ° , Range Best Estimate Efficiency
16. Conveyors . Fully Covered .
a. Fully covered ' ' 1002
b. Partially covered 920%
17. . Transfer points a. Enclosed and vent 0.2 #/ton (4)
to baghouse or equivalent for all conveyors 99%

and transfer points 20% opacity
b. Ducting to a central ! S
baghouse ' 99,0% and
0.01 gr/acf
20% opacity

18. Uranium Baghous®e or equivalent 89-10% 1150,E = 0.002 #/ton (5)
Crushing and , eoy% ",E= 0,040 #/ton 99.0% and
Screening : e6Y% ",E= 0,16 #/ton 0.01 gr/acf
| 19. Coal crushing Baghouse or equivalent
a. Primary 0.02 #/ton {4; 99.0% and
b. Secondary 0.06 #/ton (4 0.01 gr/atf
20. Coal Screening Baghouse or equivalent o 0.1 #/ton (4) 99.n% and

0.01 ar/acf
21. Coal Cleaning

a. Thermal dryer * 0.031 gr/dscf NSPS
b. Pneumatic cleaning 0.018 ar/dscf NSPS
22, Transportation Bus service » f(vMT)
23. Construction e a. Chemical dust suppression of all 50%
roads and disturbed areas
b. Gravel parking lots 50%
c. Confine traffic to specified roads 100%
d. Minimize area of land disturbed 100%

e, Prewater areas to be disturbed 50%



Process Operation

2A. Miscellaneous

* Note -- D1lution ratfo of dust suppressant, rate of application,

.

BACT - Mining
Uncontrolled Emissfon Factor

BACT Practice Range Best Estimate

a. Extinguish smoldering or
burning areas in the mine

b. Chipping and mulching of
vegetative material;removal
from mine site rather than
open burning

c. Minimize all haulage distances

d. Prevent overloading of trucks

e. Covered haul trucks if haulage
is on a public highway

CACT Control
Efficiency

100%

f(amount
burned)

f(VMT)
f(present
' practice)

f(VMT)

and frequency of application is important.

An example for Coherex 1s shown., This example s provided for guidance only. Mention of trade names

does not mean endorsement of any material,
cations. Deviations from the specifications

Use of other suppressants shall meet equivalent specifi-
below shall be justified on a case-by-case basis, based

upon data submitted by the applicant. Alse, it is anticipated that the PSD permit condition may need
to be revised upon adequate showing by the applicant or by the permitting authority.

Dilution of Coherex Rate of application Frequency of Application
Haul roads preparation 1:4 1 gal/yd2 Initial
Access roads preparation 1: 1 ga1/yd2 Initial
\ Road maintenance 1:10 1/72 ga]/yd2 Once per month when the number of

days when rainfall does not exceed

0.01 in. = 10 days

Disturbed areas not subject 1:10 1/2 gal/yd? Initial

to vehicles



** Note --

4% Note --

hAAR

From Reference 3 Unfversal soil 1oss equation is E_= 0,025 IKCLY

where E = tons of suspended particulate per acre per year _ e
;1= soll erodibility factor

soi!l ridge roughness factor

lTocalized climate factor

fleld width ’ ' ’ N

vegetative cover

From Reference 2 E = n.a(n.ms)(ﬁ_)(ffi’v - 65} (ass-w)
C 30/\365 I

where s =511t content of road 1n percent
S = vehicle speed 1n mph
W = mean annuali (number of days with >0.01 inches of rain) :

<o
T 2 8 B

Corrections may be applied for vehicle speed and number of vehicle tires,

An alternative method {s to use the following:

E=5.9 6%(33‘)@08(3213 Reference 6

where E = #/VMT
s = si1t content in percent
S = average vehicle speed, mph. -
W = average vehicle waeight, tons o
d=- dry;days per year (number of.davs.less than 0.01 inches. 6f rain)

) ’
H R .

E = 0.05 @(?g%gég”) f/ton Reference 6 '

where s = sil1t content in percent
d = dry days per year
D = duration of materfal storage, days
f = X of time wind speed exceeds 12 mph,
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watering alone of 507%. However, it notes that watering is impractical for a

public road (not to be confused with a mine haul road), and therefore, no
additional control efficiency was listed for watering. The combination of
well maintained chemical stabilization, supplemented with watering, if

needed, results in the control factor of 85% shown in the EPA Region VIII
policy memorandum.

Comment No. 31:

Please use the emission factor from EPA AP-42, May 1983 for loading and
dumping emissions.

Response:
The emission factor from EPA AP-42, May 1983 was used to recalculate
emissions from loading and dumping. Revised emissions are incorporated in
the revision to Table 1.1. (See Revised Table 1.1 in the response to
Comment No. 13.)

Input used in developing the respective emission factors are as follows:

Particle size multiplier - 0.73

Material silt content Till - 187%;

Waste rock and ore - 1.67%%*

Mean wind speed 7.2 mph (Crandon Project EIR, p. 2.1-17)

Drop height 3 ft for small loader and trucks (12 ton);

4 ft for large loader and trucks (35 ton)

Moisture content 2% for till;

47 for waste rock and ore

Dumping device varies from 7 to 28 yd3

*There should be no silt in this material. However, the percent shown in
Table 11.2.3-1 of AP-42 for Stone Quarrying was used to provide a
conservative estimate.

Comment No. 32:

Provide the source used to determine the particle size distributions
presented on p. 35 of the January 24, 1984 letter to the DNR.

Response:

The methodology used for determination of particle size distributions and
the reference source is presented in Comment No. 7 of this letter.



‘ Comment No. 33:

Were emissions from tire wear included in the emissions in Table 1.1 of the
January 24, 1984 air permit response letter. If not, use the emission

factor in AP-42, Section 3.1.4 of 0.2(number of tires) g/mile.
A

Response:

Because of the way the particulate emission factor equations were developed,
tire wear emission rates should already be included in the estimates
generated for inclusion in Table 1.1 of the January 24, 1984 air permit
response letter. However, since the subject references do not verify this,
the emission factor from AP-42, Section 3.1.4 was used to generate tire wear
TSP emissions. The TSP emissions for the maximum year of hauling is based
on activity estimated for 1989. The following result indicates that tire
wear TSP emissions are a very small contribution to the atmosphere.

T
Activity for 1989 Miles Traveled (4) Emissions st/yr
Waste rock hauling 143,817 1.5 0.050
Bentonite hauled 1,148 4.5 0.001
Employee traffic 103,250 1 0,022
Service truck traffic 3,000 4.5 0.003

. 0.076

These calculations will be provided in the revised air permit application.

Comment No. 34:

We could not find the formula presented for wind-blown emissions in the
reference cited in your air permit application and the letter of January 24,
1984, Where in the reference is this discussion?

Response:

During our meeting in Madison on February 29, 1984, we provided

Mr. Steve Klafka with the cited report so that DNR could copy those pages
describing the formula for estimating wind-blown TSP emissions as discussed
in the report beginning on p. 68.

The full citation for the report is:

PEDCo - Envirommental Specialists, Inc. 1976.
Evaluation of Fugitive Dust Emissions from Mining.

Task 1 Report. Identification of fugitive dust sources
associated with mining. Contract No. 68-02-1321.

Task No. 36. April 1976. U.S. Environmental Protection

. Agency. Cincinnati, Ohio.
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Comment Nos. 35 and 36:

What are the short-term emission rates for the annual estimates presented in
the response to our Comment No. Fl1 of the February 24, 1984 air permit
letter? The emission rates used for the 24-hour modelling efforts need to
be defined for the fugitive dust sources. The emission rates presented for
the mobile and stationary sources appear to be satisfactory for the 24-hour
model calculations.

Response:

As discussed at our meeting in Madison on March 1, 1984, the emission rates
for the 24-hour modeling calculations will be presented to the DNR in a
separate letter by the end of March., We agreed with the DNR that the mobile
and stationary source emission rates as presented are to be used in the
modeling efforts. However, the fugitive dust sources annual emission rates
are to be reviewed by EMC and adjusted to account for peak daily activity to
the extent possible. These adjusted emission rates would be discussed and
presented in a letter to the Bureau of Air Management by the end of March.
After the DNR reviews these adjusted emission rates, we would meet and
discuss them during the second week in April (tentative), after which the
DNR would provide final approval of the modeling conditions.

Comment No. 37:

Further modeling efforts for the other criteria pollutants such as S04 and
NOy are not required for the revised air permit application. However,
revised estimates for the annual emissions and a discussion of these
estimates related to the original air permit application should be completed
with the revision document submittal., Further, this revision document
should also include a discussion of the estimated emissions for the metals
presented in our September 12, 1983 letter. Additional calculations for Pb
are to be included as well as a discussion relating these estimated
concentrations to TLV criteria.

Response:

As agreed at the meeting in Madison on February 29, 1984, we will review and
discuss all of the criteria pollutants in our revised air permit
application. We will also include the metals (i.e, aluminum, arsenic,
cadmium, copper, lead, mercury and zinc) mentioned in the DNR's

September 12, 1983 letter and a discussion relating them to TLV criteria.



‘ Comment No. 38:
We would appreciate a copy of all building elevation drawings that you have
available from your current engineering design.

Response:

Coples of our current engineering design for the Project buildings were
presented for your review at our meeting in Madison on February 29, 1984.

We agreed to provide an additional figure in the revised air permit
application which would show the relation of stack heights to building
dimensions and location. This would likely be a profile drawing through the
mine/mill site since this is the area with major sources having stack

emissions.
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Comment No. Wl

The areas proposed for development appear reasonable based on the wetland
acreage minimization criterion outlined in ch. MR 132. Further discussion
is needed, however, to justify wetland impacts of the preferred access road
corridor, since it is not the least acreage alternative.

Response:

The difference in wetland area affected by the proposed access road (2.6 ha
[6.6 acres]) versus Alternative E (1.0 ha [2.5 acres]) is 1.6 ha (4.1 acres)
(see EIR Table 4.4-2). Alternative E is aligned with the existing road
system from STH 55 to the mine/mill site (EIR Figure 4.1-14). Alternative A
would have a greater effect by 2.4 ha (5.9 acres) on wetlands than would the
proposed action. ’

The main reason Alternative E was not selected is because a portion of this
route passes through the Mole Lake Indian Reservation. This route also
requires traffic to and from the mine/mill site to pass through the
Sokaogan—-Chippewa Community on STH 55. An increase irn traffic of
approximately 46 percent over current levels would occur if Alternative E is
selected as the preferred route. Because of the potential impacts
associated with increased traffic through the Sokaogon-Chiprewa Community
by using Alternative E, this alternative was not selected 2s the proposed
route. The minor increase in disturbance of wetland vegetation (1.6 ha [4.1
acres|) associated with the proposed route was judged to be less of an
impact than those associated with Alternative E.

In addition to the above factors, when the impacts to wetlands are
reevaluated using a 30 m (100 feet) rather than a 60 m (200 feet) corridor
width for the access road, as requested by the DNR, the area disturbed will
be considerably reduced (see response to comment No. 46),

Comment No. W2

It is predicted that the only wetland to be affected by mine dewatering is
Z17 (EIR 4.2-26), identified as the only water table wetland within the
expected cone-of-depression. Yet there is some reduction in flow to certain
surface waters even beyond the expected zone of influence. Since these
surface waters possess associated wetlands, it would appear that some
wetland impacts may also be expected. Also, the extent of groundwater
connected wetland impacts may be influenced by further ref inement and
modification of groundwater models by Exxon and the Department. We will
have to review this new information as it relates to wetlands as it becomes
available.

Response:

Comment acknowledged. After additional ground water modeling has been
completed to address specific DNR verification needs, as identified in
comment No. 25, the potential impacts to water table wetlands, including
those associated with surface water bodies (e.g., Swamp and Hemlock creeks),
will be reevaluated. The results of this reevaluation will be presented in
the revised EIR.



Comment No. W3

Wetlands were identified as being perched or water table linked without ’
explanation of how this was determined for each wetland. Explanation of how

this condition was determined for each wetland inventoried within the

expected zone of influence of mine dewatering is necessary to evaluate

impacts to these wetlands. In your explanation please refer to the presence

of spring seeps in the vicinity of wetlands that have been classified as

perched (Figure 2.3-17 of the EIR). .

Response:

The determination of perched versus water table hydrologic position for
wetlands was based upon the following: The surficial geological map
prepared by Simpkins et al. (1981) was examined to determine if the wetland
in question occurred in an area of stratified sand and gravel or in an area
of glacial till. Stratified sand and gravel were considered to have a
higher potential to be water table wetlands than perched. The opposite was
considered for wetlands on glacial till. The piezometric surface map
prepared by Golder Associates was also reviewed. Wetlands which had a
ground surface elevation similar to that of the piezometric level were
considered to be water table wetlands. Those wetlands which occurred in
till areas that had an elevation above the piezometric surface were
considered perched. Each wetland was examined in the field and an opinion
was formed based upon characteristics such as vegetation, open water,
inflow-outflow differences, springs, and observed surficial geology. Spring
seeps shown on Figure 2.3-17 of the EIR were not used in the determination
of perched versus water table wetlands. Presence of spring seeps alone does
not prove conclusively that a wetland is a water table wetland. Spring .
seeps can be caused by a large number of hydrogeologic features. In areas
of dense till, spring seeps are commonly associated with perched wetlands
caused by soil interflow occurring at the interface between weathered and
unweathered till (i.e., piping and long joints in till).

Comment No. W&

In testing the consultants' wetland evaluation models on a sample of
wetlands, both with our own field data as well as theirs, we had difficulty
in achieving the same results. While the size of the differences are not
substantial, the number of differences are. The number of differences can
affect the relative rankings and the model means which are used in the
impact analysis. This problem needs to be reconciled.

Response:

The DMR review of the model results consisted of two parts: Calculation of

model scores using the data contained on the consultants' wetland inventory

reports and comparison of those scores with the consultants' scores, and

field verification of the models by DNR staff and comparison of those scores

with the consultants' scores. Review of these score differences with the

DMR personnel performing these checks showed that in all cases the

consultants' scores were mathematically correct and the models properly

applied. Differences between DNR calculated scores using the consultants'

data and scores calculated by the consultants were a result of the DNMR not

fully understanding all of the elements used in the model and the '




application of those elements to the models. In addition, some mathematical
errors and possible computer errors were identified in the DNR data, which
created differences in scores. Also, the DMR used a draft wetland inventory
report, whereas the consultants used the final wetland inventory report in
their data calculations. The final wetland inventory report included
additional elements which were not included in the draft inventory report.
This caused misinterpretation on the part of the DNR regarding data on the
geologic deposits of the wetland versus those of the watershed.

Other differences in data collection resulted from the DMR staff spending
more time in the field in the 12 wetlands they investigated compared to the
time spent in these same wetlands by the consultants. This resulted in more
lengthy plant species lists; however, this did not affect the model
results. Discrepancies between DMR and the consultants' estimates of
ecological elements, such as vegetative density, were attributed to
differences in professional judgment and were within the variations expected
by the consultants.

In summary, the consultants' model scores were correct. Actual differences
between the DNR field data and the consultants were minor and did not affect
the relative rankings and the model means used in the impact analysis.

Comment No. W5

We have not been able to normalize the wetland scores to achieve the same
results as the consultant. We understand, from an inquiry by the Department
(R. Read) to the consultant, that the normalization process described in
Appendix L of the Wetland Assessment Report was not used. Instead a scaling
process was utilized. However, we have still not been able to achieve the
same "normalized” results that are presented in Table 6.2-2 of the
Assessment Report and Table 5.2-2 of the Supplemental Assessment Report.
This problem needs to be reconciled.

Response:

The model scores of the 127 wetlands presented in the August 1982 Wetlands
Assessment Report were normalized using the method contained in Appendix L
of that report. The model scores of the 31 wetlands in the August 1983
Supplemental Wetlands Assessment Report were not normalized using the method
in Appendix L, but were normalized by using a scaling procedure. Minor
changes will be made in wetland inventory data resulting from combining
additional DNR wetland observations since 1979 with those of the
consultants. These changes will affect the unnormalized scores of 15
wetlands. Once these unnormalized scores are computed, all 158 wetlands
will be normalized using the method defined in Appendix L. Table 5.2-2 of
the Supplemental Wetlands Assessment Report will be revised using the new
normalized scores.

Comment No. W6

1) Based on the known geographical distribution of the following species,
we believe that they may have been misidentified by the consultants.
Examination of vouchers by the consultants should be made to determine
the correct identification. Should they prove to be correctly
identif ied, the presence of these species in studied wetlands would
indicate special biotic values.



2)

3)

4)

5)

6)

7)

Response:

1)

2)

3,4)

5)

6)

Picea rubens (Red Spruce) — Not recognized as a native Wisconsin
species.

Kalmia angustifolia (Sheep Laurel) —— An eastern species not yet
recognized as a native Wisconsin species.

Vaccinium corymbosum (Highbush Blueberry) — An exceedingly uncommon
species in Wisconsin, not known to occur in northeastern Wisconsin.

Quercus muehlenbergii (Chinquapin Oak) — Quercus muehlenbergii occurs
in Wisconsin on dry prairie sites in southwestern Wisconsin.

Scirpus atrocinctus (Bulrush) — Considered synonymous with S.
cyperinus (Wool-grass), which is also listed as occurring in the same
wetland (Z1) (plus cf. 3.1 - 2, Supplemental Assessment Report).

Fraxinus pennsylvanica var, subintegerrima and Fraxinus nigra —- Our
field investigations found that F. nigra was by far the most prevalent
ash species in wetlands, while the consultants found green ash to be
most common. We think black ash is the common wetland ash species.

If there were species misidentifications, this had no effect on the
results of any of the models or the relative rating or ranking of the
wetlands. One case involved confusion between two nearly identical
species having different distributions (e.g., Spiraea latifolia
mistaken for S. alba). 1In two other cases, the problems involve a
typing error (the species name for bur oak) or differences in the
proportions of two similar species (green and black ash).

Picea rubens (Red Spruce) -- Foliage samples collected from specimens
that appeared different during the field examination from typical black
spruce were examined in the laboratory (based upon descriptions in
Grays Manual and Britton and Brown) and had characteristics
inconsistent with black spruce and more nearly matching those of red
spruce. Lacking mature cones at the time of the investigations,
conclusive identification was not possible. A statement will occur on
the errata sheet that red spruce on the field inventory report should
be Picea sp.

Kalmia angustifolia (Sheep Laurel) and Vaccinium corymbosum (Highbush
Blueberry) -- A statement will also be included on the errata sheet
that sheep laurel and highbush blueberry on the field inventory reports
are to be revised to Kalmia sp. and Vaccinium sp., respectively.

Quercus muehlengergii (Chinquapin Oak) -— A statement will occur on the
errata sheet noting this change in species name to Q. macrocarpa on the
field inventory report.

Scirpus atrocinctus (Bulrush) — Considered a separate species in Grays
Manual, and readily distinguished from S. cyperinus on the basis of (1)
spikelete pedicelled and (2) base of involucre and involucels black.

In S. cyperinus spikelets are sessile, base of involucre and involucels
brownish.




7) Fraxinus pennsylvanica var. subintegerrima and Fraxinus nigra (Green
Ash and Black Ash) -- It is acknowledged that black ash may be more
prevalent in some areas of the site area than others. Differences in
opinion may be based on (1) the wetlands and portions of wetlands
visited and (2) difficulties in distinguishing these species during
early spring without examination of the buds, which was usually not
possible. Since both species have been positively identified in the
site area by the DNR and EMC wetlands consultants, their relative
proportions are not important with regard to the results of the
investigations.

Comment No. W7

We would like to know how the element describing the surficial geologic
material of the wetland bank (Storm and Flood Water Storage Function Model)
was distinguished from “"surficial material of watershed” element for the
same model. There is no place on the field data collection sheet for
recording of "wetland bank surficial material.”

Response:

The element "Surficial Geologic Material of the Wetland Bank"” in the Storm
and Flood Water Storage Function Model is obtained primarily from the
element "Surficial Material.” In most cases they are identical. "Surficial
Material™ is that geologic material which underlies the wetland. "Surficial
Geological Material of the Wetland Bank" is that geologic material which
constitutes the wetland's immediate banks (upland area). Occasionally they
are different when the wetland-upland boundary is also a surficial geologic
boundary. The surficial geologic map of Simpkins et al. (1981) was used for
these determinations as well as field observations by the geological
consultant. “Surficial Material of the Watershed” is the dominant (>50
percent) surficial geological material which is found within the wetland's
watershed and is not always the same as the "Surficial Material” under the
wetland nor the "Surficial Material of the Wetland Bank."

Comment No. W8

Table 6.1-1 in the Assessment Report, and Table 5.1-1 in the Supplemental
Report, summarize the major elements used to describe and evaluate the
wetlands. These are qualitative descriptors, and are not explained in the
text. It is not clear how they were derived from the field data sheets.

The derivation of most of these elements can be surmised, such as: “Water
Storage” in the tables apparently summarizes "Dominant Hydrologic Type" on
the field inventory sheets. A discussion of what these descriptive elements
are, and how they achieved, would be useful. For example, what exactly is
meant by "Living Filter Capacity"?

Response:

The following information describes the major qualitative elements in Table
6.1-1:

Dominant Wetland Type - Synonymous with "Dominant Wetland Class” in the
wetland inventory report. This assignment is made at the end of the
wetland visit after all of the wetland subclasses and their relative
proportions are known.




Amount of Edge - "Wetland Class Richness", "Subclass Richness" and
"Vegetative Interspersion” are the elements in the wetland inventory
report that are the basis for this qualitative element. The number of
different wetland classes and subclasses and their degree of
interspersion are the factors controlling the amount of edge in the
wetland. This determination is made from aerial photographs and
wetland visits after all the classes and subclasses and their shapes
and distributions have been established.

Water/Cover Ratio - This element is based entirely on "Cover Type" in
the wetland inventory report, and denotes the relative proportions of
vegetative cover and water in a wetland and their degree of
interspersion. This is determined from aerial photographs and wetland
visits after an overview of the wetland has been completed.

Surrounding Habitat Variability - This element is synonymous with
"Surrounding Habitat Variability” in the wetland inventory report, and
denotes the number of different landscape elements comprising the
surroundings. A wetland surrounded by an upland mixed forest would be
assigned to the second designation under this element, whereas one
bordered by a forest on one side and a lake or open field on another
would be considered to be surrounded by "90 percent of 2 or more of the
listed types.”™ The types are not actually listed in the inventory
report, but this terminology refers to any landscape elements which are
predominantly non-urban. This determination would be made from aerial
photographs following the wetland field reconnaissance.

Percent Bordering Open Water - Synonymous with "Percent Wetland
Bordering Open Water” in the wetland inventory report. This
determination is made from aerial photographs following the wetland
field reconnaissance.

Recharge Potential - Elements that were considered to qualitatively
assess a wetland's ability (i.e., potential) to recharge surface water
to the underlying ground water were “Surficial Geologic Material,”
“Dominant Hydrologic Type,” "Hydrologic Position,” and "Ground Water
Outflow” with "“Surficial Geologic Material" being the dominant element.
These elements were determined using available geologic and
hydrogeologic data and field observationms.

Water Storage - This element is an estimate of a wetland's ability to
detain and retain surface water. The inventory elements which were
used to estimate qualitatively a wetland's water storage potential were
"Topographic Configuration,” "Wetland Gradient,"” "Topographic Position
in Watershed,” "Organic Material,” "Dominant Hydrologic Type," "Water
Level Fluctuation,” and "Surficial Geologic Material of the Watershed."
The dominant element considered was dominant hydrologic condition.
These elements were determined by using geologic and topographic maps,
available hydrogeologic data, and field observations.

Discharge To Downstream Aquatic Systems = This is an estimate of a
wetland's ability to maintain downstream water quality and quantity.
Inventory elements used in this qualitative assessment were
"Topographic Configuration,” “"Topographic Position in the Watershed,"”
"Hydrologic Position,” "Dominant Hydrologic Type," “"Hydrologic




Connection” and "Outlet."” Available hydrologic data, topographic and
geologic maps, and field inspection were used to obtain this data.

Living Filter Capacity =~ This element denotes pollution attenuation
capacity of the wetland and is assessed on the basis of best

prof essional judgment applied to the vegetation and soil character—
istics observed in the wetland, and the wetland's geologic setting.

The length of time that a unit of water spends in the wetland, the
wetness of the substrate, physical characteristics of the. substrate as
they relate to cation exchange capacity, life form of the vegetation as
it relates to the uptake of nutrients, metals and other elements, and
vegetative density are all factors that determine the wetlands' “Living
Filter Capacity.” "Dominant Wetland Class,” “Cover Type,” "Vegetative
Density,” "Topographic Configuration,” and "Dominant Hydrologic Type"
are the major elements in the wetland inventory report that determine
the "Living Filter Capacity.” These elements are determined from
aerial photographs and from wetland visits after an overview of the
geological and biological conditions has been completed.

Size - After a wetland's acreage has been measured, it is assigned to a
size category. These categories are established after the size
distribution of all wetlands in the area of interest has been
determined.

Comment No. W9

Inventory Report Format: The dominant class listings on the field data
sheets do not conform to the six classes described in the text. Deciduous
and coniferous swamps are lumped together on the front page of the
inventory, yet are distinguished elsewhere in the report. Conversely,
though "Wet Meadow"” and "Shallow Marsh" are considered identical in the
report, they are presented as two distinct categories on the cover page of
the inventory report form.

Response:

The inventory report cover sheets should have divided wooded swamp into
deciduous and conif erous components. The inventory data contained on the
second page in Appendix G and on the wetland maps all divided wooded swamp
into coniferous and deciduous parts. Conversely, wet meadows and shallow
marsh are both listed on the cover and on the second page. The information
on the front page is summary information and is not used in calculating the
model scores. The data shown on the front page have no influence on the
model scores or the ranking of wetlands.

Comment No. W10

Throughout the Assessment Report there are disagreements about the dominant
wetland class of various wetlands. We have used the field data sheets as
the final word on any questions about wetland type, but the high number of
these presumably typographic errors needs to be pointed out. There are
numerous discrepancies among the inventory reports, Table 3.5-1, Table
6.1-1, and Appendix G. For example:



Wetland Inventory Report Table 3.5-1 Table 6.1-1 Appendix G

D3 D.S. D.S. D.S. c.s.
D3 D.S. D.S. D.S. C.S.
F60 C.S. D.S. c.s. C.S.
B4 c.s. c.S. C.S. C.s.

D.S. = Decidous Swamp
C.S. = Coniferous Swamp

When the field data sheets are used to correct these discrepancies, summary
tables, such as Table 6.3-1 in the Assessment Report, are significantly
changed (seven wetlands out of forty-six are shifted into different
categories in Table 6.3-1.

Response:

The dominant wetland class shown on the wetland inventory reports is used
when entering data into the models for the purpose of calculating model
scores. The discrepancies noted by the DNR in the tables of the report are
typographical errors and do not affect the model scores. The typographical
errors will be addressed in an errata sheet and Table 6.3-1 of the Wetland
Assessment Report will be revised and submitted as part of the errata
sheet.

Comment No. W1l

Comments on Specific Wetlands:

The following specific comments apply to wetlands in the vicinity of the
proposed mine which were identified in the Supplemental Wetlands Assessment
Report (SWAR) and Wetland Assessment Report (WAR). The comments are listed
here as examples of differences between Department and Exxon's consultant's
observation of wetland classification and function. While some of these
differences may not be significant in terms of wetland evaluation or impacts
to them, others may be significant. Please review the following comments
and address those which could be significant in altering wetland scoring or
facility placement, or significantly alter projections of impacts.

Response:

During a meeting on January 24, 1984 with DMR (G. Egtvedt, R. Read and J.
Welch), EMC and EMC's wetlands consultants (IEP, Inc. and Normandeau
Associates, Inc.) discussed each of the following specific comments. The
results of this meeting provided the basis for the responses to comments No.
W12 through W42. Some of the changes in the biological and hydrological
characteristics of the wetlands that were agreed upon during the meeting may
affect the model results. The inventory reports for the affected wetlands
and the model results presented in tables in the Wetlands Assessment reports
will be revised. An errata sheet listing the revisions and revised copies
of the tables and inventory reports for the Wetlands Assessment reports will
be issued to the DNR when completed.




Comment No. W12

Wetland Z-2 - There is an open water area located along this wetland's
southern edge not identified in the SWAR. Also, separate from this wetland

is a small pond. The pond appears to discharge to Z-2 during high water
periods.

Response:

Following a discussion of this comment with the DNR, it was concluded that
the small pond referenced is separate from wetland Z2. Although the pond
may discharge to wetland Z2 under high water conditions, during average
conditions it does not. This comment does not affect the model results.

Comment No. W13

Wetland Z-5 - The field inspection and the vegetation list provided in the

SWAR indicate this wetland should be classified a "shallow marsh” rather
than a "shrub swamp"”.

Response:

The acreage indicated on the cover page of the inventory report was
improperly labeled "Shrub Swamp” rather than "Shallow Marsh”; however, on
the second page of the report the data were correctly presented in the
shallow marsh category. Data presented on the second page of the inventory
report are used in calculating model results; therefore, no change in model
results is necessary. The error on the cover page of the inventory report
will be corrected and a revised report will be included with the errata
sheet containing revisions to the Wetlands Assessment reports.

Comment No. W14

Wetland Z-6 - This wetland does not have an inlet from Wetland Z-10, as
indicated in the SWAR (see direction on Wetland Z-10 for details).

Response:

The DMR's observation that wetland Z10 discharges to Z9 rather than Z6 is
correct, The inventory report for Z6 will be changed to remove the inlet
from Z10. This change will affect the Hydrologic Support, Storm and Flood
Water Storage, Ground Water, and Water Quality Maintenance function models
by decreasing their scores by 1, 1, 2 and 2 points, respectively. These
changes do not affect the ranking of this wetland.

Comment No. W15

Wetland Z-7 and Wetland Z-9 - These wetlands are the headwaters of streams
24-14 and 24-15 T35N R12E. Department surveys have determined both of these
streams pass through Wetland W-2 before reaching Swamp Creek. The original
"Wetlands Assessment Report” indicates Wetland W-2's outlet is located "off

site”. Wetland W-2's inventory report should be completed now that it is
included in the wetland study area.




Response:

The EMC wetlands consultants observed these streams in the field and agree '
with the DNR's observations. The study area for the original Wetland's

Assessment Report did not include both streams within the area assessed for

wetland W2. However, the study area for the Supplemental Wetlands _

Assessment included both of these streams as part of wetland W2. One

perennial inlet will be added to W2's inventory report which will increase

the Hydrologic Support function by 2 points, Ground Water by 3 points, Storm

and Flood Water Storage by 2 points and Water Quality Maintenance by 4

points. This will not greatly change this wetlands ranking.

Comment No. W16

Wetland Z-9 - The SWAR does not indicate that this wetland receives surface
water flow from Wetland Z-10 (see Wetland Z-10 discussion for details).

Response:

The DNR's observation that wetland Z10 discharges to Z9 is correct. The
inventory report for Z9 will be corrected and the models recalculated. The
Hydrologic Support function will increase by 2 points, Ground Water by 3
points, Storm and Flood Water Storage by 2 points and Water Quality
Maintenance by 4 points. This wetland's ranking will not change.

Comment No. W17

Wetland Z-10 - This wetland discharges to Wetland 2-9 via a culvert under
the logging road that separates the two wetlands. Creek 24-4, T35N, RI2E,
originates in Wetland Z-10. A channel approximately two feet wide is
present immediately downstream from the culvert. There was a flow of
approximately one-half cfs during a July 26, 1983, field inspection.

Wetland Z-10's outlet is incorrectly identified as flowing to Wetland Z-6 in
the SWAR.

Response:

As discussed in the response to comments No. Wl4, W15 and W16, discharge
from wetland Z10 is to Z9. This correction results in no change to the
inventory or model results for wetland Z10.

Comment No. W18

Wetland Z-15 - Though not indicated in the SWAR, water from this wetland
appears to follow its historical route to Z-11 during high water periods
passing over the town road that separates the two wetlands. No culvert

could be found connecting the two wetlands.

Response:

Comment acknowledged. Both the EMC wetlands consultants and the DNR are in
agreement that ephemeral discharge from wetland Z15 occasionally occurs;
however, this surface water flow disappears before it reaches another
wetland and thus no outlet occurs. No change in the model results is
necessary.

w-10



Comment No. W19

Wetland Z-16 - The SWAR lists this wetland as having no outlet. However, a
District field inspection determined the wetland intermittently drains to
the south through a culvert under Keith Siding Road to Wetland T-4. The
open water portion of the wetland identified in the SWAR is listed in
"Surface Waters of Forest County"” as Lake 17-16, T35N, RI3E.

Response:

During detailed inspection by DMR staff a culvert was located which
intermittently drains water from wetland Z16 to T4. Wetland Z16 will be
given an ephemeral outlet. This will add 32 points to the Hydrologic
Support function model score, 2 points to Ground Water, minus ! point from
the Storm and Flood Water Support Model and minus 2 points from the Water
Quality Maintenance function model. A minor change in the ranking of this
wetland probably will occur. Wetland T4 which has three inlets on the
inventory sheet will be credited with a fourth inlet and its scores will
increase similar to those described for Z9 (see response to comment No.
W16); however, the ranking of this wetland should not change. We
acknowledge the fact that the open water portion of wetland Z16 is listed in
the "Surface Waters of Forest County.”

Comment No. W20

Wetland Z-18 - The SWAR does not recognize that this wetland complex is
listed as Hoffman Spring in the "Surface Waters of Forest County."

Response:
Comment acknowledged.
Comment No. W21
Wetland Z-20 - Our inspection of this wetland determined the forested

portion has primarily "conifer” rather than "deciduous" tree species as
listed in the SWAR.

Response:

Based on a discussion of wetland Z20 with the DMR staff, it was agreed that
this wetland would remain as a deciduous swamp. No change in the model
results is necessary.

Comment No. W22
Wetland Z-21 - This wetland discharges to Z-20 during periods of high water,

contrary to being listed as having no outlet in SWAR. Wetlands Z-20 and
2-21 appears to be contiguous on their north ends during high water periods.

Response:
Based on a discussion of wetlands 220 and Z21 with the DMR staff, it was

agreed that these wetlands should remain separate. No change in the model
results is necessary.

w-11



Comment No. W23

Wetland Z-22 -~ This wetland drains south through a culvert under Little Sand
Lake Road to Wetland 2-20 during high water periods. This is contrary to
the "absent” outlet listing in the SWAR. The open water area portion of the
wetland identified in the SWAR listed as Lake 25-11, T35N, RI2E, in the
"Surface Waters of Forest County”.

Response:

The DNR staff located a culvert under Little Sand Lake Road between wetlands
222 to 220. The inventory reports for both of these wetlands will be
revised to include an outlet for Z22 and an inlet for Z20. The model scores
for these wetlands will be recalculated and included in an errata sheet
containing the revisions to the Wetland Assessment reports. We acknowledge
the fact that the open water portion of wetland Z22 is listed in the
“"Surface Waters of Forest County.”

Comment No. W24

Wetland Z-23 - The drainage characteristics of this wetland have not yet
been determined. However, recent information indicates that the wetland
discharges to both Rolling Stone and Mole Lakes rather than having Mole Lake
as its outlet. Our inspection of this wetland determined the primary tree
species are black spruce and tamarack. Black spruce is listed in the SWAR
as only an "occasional"” species and tamarack is not listed at all.

Response:

Based on a discussion of wetland 223 with DMR staff, it was agreed that
surface water flow occurs in both a northerly and southerly direction in
this wetland. It is also acknowledged that black spruce and tamarack are

dominant species in this wetland. These conclusions have no impact on the
model results.

Comment No. W25

Wetland F-10 - While this wetland is for the most part contiguous with

Little Sand Lake, it is doubtful if waterflow is perennial as listed in
WARo

Response:

Wetlands contiguous with a surface water body (i.e., lakes) were defined as
having a perennial outlet because of year—-round exchange of water between
the two systems.

Comment No. W26

Wetland F-15 - The WAR did not identify the ephemeral surface water
discharge in this wetland's southwest corner. In addition, the WAR does not
identify the large portion of Wet Meadow within this wetland.

wi2




Response:

A well defined connection between wetland F15 and Skunk Lake is not evident
as discussed in the response to comment No. W18. The EMC wetlands
consultants agree that a portion of this wetland is wet meadow, but this has
no impact on the model scores.

Comment No. W27

Wetland F~17 - This wetland's ephemeral surface water discharge to Wetland
F-16 was not identified in the WAR.

Response:

Although the EMC wetlands consultants did not observe an outlet from wetland
F17 during the 1982 field inventory, the DNR's observations confirm such an
outlet. The wetland inventory report will be revised to include an
ephemeral outlet, and the model scores for wetland F17 will be recalculated.
The score changes will be similar to those discussed in the response to
comment No. W19 for wetland Z16 and a minor change in ranking probably will
occur,

Comment No. W28

Wetland F-19 - Water depth in the portion of this wetland adjacent to Deep
Hole Lake would be sufficient to require a classification of Deep Marsh.
This was not recognized in the WAR.

Response:

Following a discussion of this comment with the DMR, it was agreed that no
change in the inventory report of wetland F19 is necessary.

Comment No. W29

Wetland F-33 - The WAR did not identify this wetland's ephemeral surface
water discharge to the north during high water conditions. It is not an
isolated wetland and could be included in the water balance study.

Response:

EMC wetlands consultants and the DMR agreed that wetland F33 does not have
an outlet. Field observations have not confirmed that surface water from
wetland F33 does reach another wetland. No change in the inventory report
for wetland F33 is needed.

Comment No. W30

Wetland F-60 - The WAR lists this wetland's inlet as originating in F-68.
There is no F-68 wetland.

Response:
The inlet for wetland F60 originates in F6l. This typographical error will

be listed in the errata sheet containing revisions to the Wetlands
Assessment reports.
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Comment No. W31

Wetland F-62 - This wetland is listed as a zero summer discharge, however,
it has been observed flowing during and after rainy periods.

Response:

The inventory report lists an ephemeral outlet for wetland F62 which is in
agreement with the DNR observations. No change in the model results is
required.

Comment No. W32
Wetland F-70 - Our investigation of this wetland resulted in a

classification of Shallow Marsh. The WAR classified the wetland as Wooded
Swamp.

Response:

The wetland maps (WAR Figures 4.3-1 and 4.3-11) indicate wetland F70 is
predominately a shallow marsh. The inventory report will be revised and the
model results recalculated. Ranking of this wetland should not be affected.
The corrected model scores will be included in the errata sheet containing
revisions to the Wetlands Assessment reports.

Comment No. W33

Wetland F-72 -~ The WAR did not identify this wetland's ephemeral surface
water discharge to Wetland F-60.

Response:
Discussion of this comment between the EMC wetlands consultants and the DMR
resulted in an agreement that an outlet did not exist and changes in the
model results for wetland F72 are not necessary.

Comment No. W34

Wetland F-81 ~ This small pond intermittently drains south across the road
via a steel pipe. This surface discharge was not identified in the WAR.

Response:

The EMC wetlands consultants acknowledge that a culvert does exist but flow
from this culvert does not reach another wetland and thus wetland F81 does
not have an outlet. The DNR staff agreed with this observation and no
change in the model scores is needed for F81.

Comment No. W35

Wetland F-114 - The WAR did not identify this wetland's ephemeral surface
water discharge to the southwest.
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Response:

Based upon the DMR's longer record of observations of this wetland, an
ephemeral outlet will be assigned to F1ll4 and the wetland model scores will
be revised. These revisions will be similar to those made for wetland Z16
(see response to comment No. W19) and a minor change in ranking probably
will occur.

Comment No. W36

Wetland F-119 - We identified a portion of this wetland as Shallow Marsh in
addition to the WAR classification of Wooded Swamp.

Response:

The inventory report for wetland F119 includes shallow marsh as a subtype
but the area of this wetland type was too small to phototype and measure.
No change in the model scores for F119 is required.

Comment No. W37

Wetland H-1 - The WAR did not identify this wetland's ephemeral surface
water discharge to the east.

Response:

Following discussion with the DNR staff, it was agreed that there is no
outlet for wetland Hl. No change in the model results is necessary.

Comment No. W38

Wetland K-4 - We classified this wetland as Shallow Marsh, while the WAR
made the classification of Shrub Swamp.

Response:

After discussing this comment with the DNR staff, it was agreed that shallow
f resh marsh would be added as a subtype and the model scores recalculated.
Minor changes will occur in this wetland's score; however, its ranking
should not be altered. The corrected scores and ranking will be included in
the errata sheet containing revisions to the Wetland Assessment reports.

Comment No. W39

Wetland K-5 - The WAR did not identify this wetland's ephemeral surface
water discharge to the northeast. .

Response:
The EMC wetlands consultants and the DNR agreed that ephemeral surface water

flow from wetland K5 does not reach another wetland; therefore, no outlet
exists. No change in the model results is required.
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Comment No. W40

Wetland M-4 - The WAR did not identify this wetland's ephemeral surface ‘
water discharge to the north.

Response:

Based on a discussion of the hydrological characteristics of wetland M4 with
the DNR staff, it was agreed that no outlet exists. No change in model
results is necessary.

Comment No. W4l

Wetland R-7 - The WAR did not identify this wetland's ephemeral surface
water inlet across the road to the north from Wetland R-7A.

Response:

There is no culvert under the road dividing wetlands R7 and R7A. Because
the DNR has observed intermittent water flow over the road for a number of
years, this wetland will be assigned an ephemeral outlet and its model
results will be revised. The revisions will be similar to those for wetland
Z16 (see response to comment No. W19) and a minor change in ranking probably
will occur.

Comment No. W42

Wetland R-8 - The WAR did not identify this wetland's ephemeral surface
water outlet to Wetland R-7A.

Response:

Based on a discussion of the hydrological characteristics of wetland R8 with
the DNR staff, it was agreed that no ephemeral outlet exists. No change in
the model results is necessary.
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CHAPTER 1

Comment No. Al

In the May ll1 letter to Exxon, there were four questions on manpower needs.
The questions were aimed at clarifying peak manpower needs and identifying
the skills required for the construction and operations work forces. When
we know what Exxon's specific hiring needs are, they can be compared to the
availability of skills of the local work force. From this comparison an
estimate of local hires can then be made. All other hires are assumed to be
non-local, thereby requiring worker immigration. Immigration is a key
variable in determining socioeconomic impacts, including impacts on local
facilities and services, schools, housing, taxes and others. Exxon's
responses did not provide sufficiently detailed information (for example,
mine technical, mine operation, mill technical, operation and maintenance)
for us to estimate whether the jobs could be filled locally. Please provide
us with explicit descriptions of the essential skills required for each type

" of Exxon construction and contract construction and operations workers to be

hired. Each type of work position should also be identified by the
appropriate 4-digit Standard Occupational Classification Code (SOC) of the
U.S. Department of Commerce. This explicit description should include the
skills and knowledge required for each SOC code as a prior condition for
employment at the project.

Response:

The attached tables (Al-1l and Al-2) summarize the current employee estimates
that will be required for construction and operation of the Crandon Pro ject.
The 4-digit Standard Occupational Classification Code (SOC) from the U.S.
Department of Commerce has been listed for each job category along with the
number of employees, general educational level required and an indication of
whether the position requires previous experience. The job category
identifies the general skills necessary for the employees (i.e., cement
mason) expected to be hired.

These tables represent only general guidelines for education and experience.
The hiring and job interview process will balance the education and
experience levels. In actual practice some deviation from the education and
experience requirements, as indicated in the attached tables, will probably
occur through the employment process.

Comment No. A2

Exxon has frequently stated they are committed to preferentially hiring
local people to the extent allowable under applicable laws. To which
federal and state laws does this refer and what are the implications? Are
there any existing or planned agreements with local governments or Indian
tribes relating to proposed hiring practices? What activities does Exxon
plan in cooperation with local educational institutions to support training
of local workers in order to increase local hiring? Would Exxon financially
support a locally organized van or bus transportation system between
outlying areas, including Indian reservation lands, and the mine site to
encourage local hires?



(Table Al-1 for the Response to Comment No. Al)

NON-EMC EMPLOYEES

NO. OF
JOB CATEGORY soca EMP.D  EDUCATIONC EXPERIENCEd
Mine Construction

Pipefitters 6450 3 \ Y
Welders 7710 3 v Y
Electricians 6430 6 v Y
Millwrights 6178 6 v Y
Mechanics 6140 24 H Y
Equipment Operators 8310 25 H Y
Ironworkers 6472 & 6473 12 v Y
Carpenters 6420 6 H Y
Laborers 8710 33 H N-Y
Cement Masons 6463 18 H Y
Shaft and Drift Miners/

Rock Drillers 6530 102 H Y
Hoistmen 8314 12 H Y
Surveyors 1640 4 v Y
Supervisors 6310 22 H-C Y
Engineers 162 & 163 5 c Y

Surface Facilities Construction

Boilermakers 6814 90 v Y
Carpenters 6420 160 H Y
Electricians 6430 120 v Y
Laborers 8710 145 H N-Y
Operating Engineers 8310 145 H Y
Millwrights 6178 60 \ Y
Painters 6440 15 H Y
Pipefitters 6450 120 v Y
Ironworkers 6472 & 6473 200 \' Y
Teamsters/Mechanics 6140 40 H Y
Cement Masons 6463 20 H Y
Surveyors (Rodmen) 1640 5 \' Y
Finishers 6463 5 H Y
Supervisors 6310 100 H-C Y
Engineers 162 & 163 25 c Y

2 gtandard Occupational Classification Code

Commerce.

(SOC) - U.S. Department of

b Numbers reflect employment needs within job categories.
timing differences, totals may not agree with Project employment totals.

¢ Education: H - High School
V - Vocational Technology

C - College

Due to

d y - yes; N - none required; N-Y - some employees will need prior

experience and others will be trained on the job.
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Page 1 of 3
(Table Al-2 for the Response to Comment No. Al)
EMC EMPLOYEES
NO. OF
JOB CATEGORY soca EMP.D  EDUCATIONG EXPERIENCEd
Administration 86

Secretaries/Clerks 46-47 22 H N-Y
Janitors 5240 7 H N-Y
Security 5140 8 \Y Y
Accountants 1412 2 o Y
Warehouse 8724 11 H N-Y
Purchasing 1449 1 H Y
Paramedics 5236 3 v Y
Employee Relations/

Safety/Training 1430 15 c Y
Public Affairs 3320 1 C Y
Environmental 1849 3 C N-Y
Supervision 12-13 9 C Y
Engineers 162 & 163 4 c Y

Mine Technical 35
Supervisors/Engineers 162 & 163 10 C N-Y
Geologists 1847 6 C N-Y
Draftsmen 3720 3 v N-Y
Engineers/Geology

Technicians 3710 8 \) N-Y
Surveyors 1640 6 \' Y
Clerks 46-47 2 H N-Y

Mine Operations 276
Secretaries/Clerks 46-47 4 H N-Y
Miners 6530 87 H N-Y
Equipment Operators 6540 108 H N-Y
Laborers 6560 41 H N
Supervisors 6320 32 \ Y
Hoistmen 8314 4 H Y

2 gtandard Occupational Classification Code (SOC) - U.S. Department of

Commerce.

b  Numbers reflect employment needs within job categories. Due to
timing differences, totals may not agree with Project employment totals.

€ Education: H - High School
V - Vocational Technology

C - College

d y- yes; N - none required; N-Y - some employees will need prior

experience and others will be trained on the job.
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(Table Al-2 for the Response to Comment No. Al [continued])

NO. OF
JOB CATEGORY soca EMP.D  EDUCATIONC  EXPERIENCE4

Mine Maintenance 85

Equipment Mechanics 6110. 40 H N-Y
Pump/Fan Mechanics 6130 3 H 4
Welders 7710 3 v Y
Electricians 6430 9 v Y
Maintenance 6179 19 H N=-Y
Clerks 46-47 3 H N-Y
Supervisors 6000 7 \' Y
Mill Operations 60
Secretaries/Clerks 46-47 2 H N-Y
Mill Operators 6960 43 H N-Y
Laborers 8650 8 H N-Y
Supervisors 6320 7 H Y
Mill Technical 26
Lab Technicians 3831 13 v N-Y
Metallurgists/Chemists/

Engineers 162 & 163 10 c N-Y
Technicians 3710 2 \' N-Y
Typist/Clerks 4647 1 H N-Y

Mill Maintenance 30
Supervisors 6000 2 \' Y
Mechanics/Oilers 6140 20 H N-Y
Welders 7710 4 v Y
Instrument Repairs 6170 4 v Y




Page 3 of 3

(Table Al-2 for the Response to Comment No. Al [continued])

- NO. OF
JOB CATEGORY soca : EMP.D EDUCATIONC EXPERIENCEd
Central Maintenance 68 -
Supervisors 6000 8 \ Y
Machinists 6813 2 \Y Y
Electricians 6430 18 v N-Y
Mobile Equip Maintenance 6110 27 H - N=-Y
Draf tsmen 3720 1 v N-Y
Welders/Fabricators - 7710 6 ' Y
Carpenters 6420 1 H Y
Secretaries/Clerks 46-47 2 H N-Y
Maintenance Planners 4750 2 H Y
Engineers 162 & 163 2 C Y
Construction Management 26
Engineers 162 & 163 7 c Y
Purchasing 1449 2 H Y
Accounting 1412 3 c Y
Secretaries/Clerks 46-47 H N-Y
Supervisors 6320 14 H Y




Response:

To the extent allowed by the state and federal anti-discrimination laws, .
Exxon has an announced policy of preferentially hiring qualified local

people during the construction and operation phase of the Crandon Project.

As presently interpreted, the state and federal anti-discrimination laws do

not prohibit the granting of local preferential treatment in the hiring

decision provided the hiring is conducted in a nondiscriminatory manner

within the local area. There are no existing or currently planned

agreements with local governments or Indian tribes relating to proposed

hiring practices.

We will outline job skills required for various positions at the Crandon
Project and review curricula developed by the local schools if requested.
We currently see no need to support an organized van or bus system to '
encourage local hires.

Comment No. A3

At the November 18, 1983 meeting in Madison, when the Future Conditions
Report was discussed by Exxon, the subject of local hiring rate was raised.
Exxon stated that a skills analysis of the local study area had been .
performed and had been used as the basis for determining that the local
hiring rate for operations workers could be as high as 60%. That figure was
used for calculating impacts in the three scenarios used in the Future
Conditions Report - minimum, most likely, and maximum impact scenarios.
Please provide us with that skills assessment and any other data used to
calculate the local hiring rate so we can verify your approximations of
local hiring rates.

Response:

The draft organization diagram proposed for the Crandon Project with job
category titles for the employees in various departments is presented in
the attached figure. Recently, a compilation of the Rhinelander Applicant
Counts for the occupations listed by Exxon Minerals Company for the Crandon
Project was developed by the Department of Industry, Labor and Human
Relations. These data are presented in the attached Table A3-l.

The permanent (operations—-and-maintenance) work forces of large mining
projects and similar resource developments generally are comprised largely
of craftsmen-technicians, equipment operators, and mechanics. Because wages
paid by mines are generally higher than those in most other rural area jobs
demanding similar skills, many of the local workers with appropriate skills
typically are interested in obtaining employment at a new mine (Leholm et
al., 1975; Murdock and Leistritz, 1979). Thus, even in areas with
relatively sparse population (and thus small. local labor pools), mining
firms have often been able to achieve high rates of local recruitment. For
example, a survey of workers at seven coal mines and seven power plants in
the Northern Great Plains indicated that local workers made up 62 percent of
the overall work force (Wieland et al., 1977; Wieland et al., 1979).
Substantial variations in the rates of local hiring were found among these
projects, with higher rates of local hiring usually occurring where the
local (area) labor pool was larger in relation to the project's labor
requirements. The local hire rate was less than 60 percent at only two of
the seven mines surveyed. .
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- (Table A3-1 for the Response to Comment No. A3)

WURTH CENTRAL WIstussii JuB SERVLICE APPLIUAADS

FOR SELECTED OCCUPATIONAL CODES Total Active Inactive
’ T December 22, 1983 i
Total All Occupacions 13,623 6,788 6,835
SELECTED DOT CODES - - =
010061...,.Mining Engineer . = -
011061...,.Metallurgists - = =
016187.....Surveyor, Mine = = =
019167.....Project Engineer 3 = 3
020162..,..Programmer, Business 2 1 1
022061...,,Chenist 2 1 1
024061.....Geologist 4 3 1
075374.....Nurse, Staff, Occupational Health 11 5 []
07937%4..... Emergency Medical Technician 36 17 19
097227.....Instructor, Vocational Training 2 1 1
110107.....Lavyer = - =
160167.....Accountant 37 15 22
162157.....Purchasing Agent 15 8 7
165067.....Public-Relations Representative 5 2 )
166117.....Manager, Personnel 7 1 6
16€167...,.Manager, Labor Relacions, Employment 1 - 1
166227.....Training Representative 1 1 -
166267.....Eaployment Interviewer 10 4 ]
169167.....Clerk, General Assistant 45 28 17
181117000 Mine Superintendant 2 2 -
189117.....Project Director 1] 3 3
201362..... Secrctary, Legal Secretary, Medical Sec. 138 54 84
203582..... Data Typist 27 13 14
209562..... Clerk, General 189 80 109
213362.....Computer Operator 13 8 S
..... Accounting Clerk 38 18 20
.Administrative Clerk 358 144 214
..... Inventory Clerk 43 20 23
..... Guard, Chief 1 1 -
..... Guard, Security 44 19 25
..... Hydro-Sprayer Op=rator - - -
..... Farm=-Machine Operator s 2 3
454683.....Tree-Shear Uperator 3 - k}
454687..... Chainsaw Operator 2 2 -
519687..... Laborer, Generzl 14 6 8
562662..... Log-Chipper Operator - - -
564662...,..Log-Chipper Uperatar - - -
603685..... 2it-Sharpener Operator 5 3 2
G62G261..... liine-ifaciinery, Heavy Equip., Truck Mechanic 147 69 78
630381..... Conveyor-Maintenance Mechanic - - =
§38281.....Maintenance Mechanie 49 2] 26
710281..... Iastrument Mechanic ) - 2
801361.....Structural-Steel Worker 25 17 8
805261..... Boilermaker 1 4 3 1
805381..... Boilermaker 11 - - -
B19384..... Welder, Combination 76 50 26
B24261..... Electrician 63 40 23
840381..... Painter 60 27 33
844364, ,...Cement Mason 57 40 17
B49663..... Concrete-Pump Operator - - -
850663..... Motor-Crader Operator 1 1 -
£50683..... Bulldozer Operator 13 9 &
859682..... Earth-Boring-Hachine Operacor 1 - 13
B59683..... Operating Engineer 136 81 55
860381..... Carpenter 328 167 161
861381.....Bricklayer 33 14 19
862381..... Pipe Ficter 95 45 50
869664.....Construction Worker 1 281 152 129
869665.....Auxillary-Equipment Tender Z o =
869683.....Compactor 2 1 1
869687.....Construction Worker 11 244 143 101
900683..... Concrete-Mixing Truck Driver 3 2 1
90268)3..... Dump-Truck Driver 25 15 10
9036813.....Tank-Truck Driver 1 1 ..
904383..... Tractor-Trailer Driver 181 74 107
905663..... Truck Driver, Heavy 181 102 79
905683..... Water-Truck Driver 3 3 .
906683..... Truck Driver, Light 77 43 3%
913663.....Chauffeur 1 1 a5
921663.....Hoist Operator 22 6 16
921683.....Front-End Loader Operator 73 1% 19
929137.....Warchouse Supervisor 2 2 =
929683.....Tractor 26 12 14
930382.....Driller, Machine 3 2 1
930682.....Core=Drill Operator - - .
936687..... Company Laborer - - -
939281..... Miner 1 - - -
939667.....Cager & 3 1

955585.....Wastevater-Treatment Plant Actendant



More recent surveys of operations work forces indicate rates of local hiring
similar to those previously cited. For example, a survey of workers at two
coal mines near Sheridan, Wyoming indicated that about 60 percent of the
work forces had been recruited locally (Hooper and Branch, 1983). Similar
results were reported from a survey at the Jim Bridger power plant in
southwestern Wyoming (Browne, Bortz, and Coddington, 198l). Large-scale
development projects can strain the local labor supply, however. For
instance, a survey of 15 companies developing coal mines in Campbell County,
Wyoming indicated that only 40 percent of the 523 workers hired during 1981
had lived in the county for six months or more prior to their employment by
the energy firm (Browne, Bortz, and Coddington, 1982).

Considering the Crandon Project specifically, several factors would suggest
that a relatively high rate of local recruitment can be expected. These
include: the large local labor force (relative to project labor
requirements), the substantial percentage of local workers possessing skills
consistent with Project employment requirements, the general stock condition
of the local labor market (as evidenced by a persistent trend of moderate to
substantial unemployment), and the fact that no other major projects are
anticipated to be developed in the area during the period when the major
hiring for Crandon will occur. Thus, the 60 percent rate of local hiring
assumed in the impact assessment could prove to be conservative.
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Comment No. A4

The following data are from Exxon's Forecast of Future Conditions Report
(1983); Scenario I (minimum impact) identifies that in 1989 there would be
1,410 workers on site; Scenario II (most-likely impact) identifies 1680
workers on site; Scenario III (maximum impact) has 1830 workers on site.
These are approximate staffing levels needed during peak hiring in the final
year of construction (p. 17).

In Exxon's response to comment number 154, a peak hiring number of slightly
more than 1,400 employees would occur as the construction and operations
workers overlapped. Which number of peak total workers is correct and why?

Response:

The response to the earlier EIR comment No. 154, showing a peak hiring .
number of slightly more than 1,400 employees, is correct based on current
engineering design basis and plan (see also response to comment No. 1l of
this letter). As explained in the response to the earlier EIR comment

No. 30, this projection is based on new construction estimates developed in
early 1983. We believe that this new peak (1,417 employees per response to
earlier EIR comment No. 30) is a more accurate representation of the most
likely peak number of construction/operations people because it is based on
current Project design.

The data contained in the Forecast of Future Conditions for Scenario I
(1,410 workers), Scenario II (1,680 workers), and Scenario III (1,830
workers) were based on earlier Project design information. As indicated in
the Forecast of Future Conditions, the different scenarios were an attempt
to bracket the expected range of construction phase personnel for the
Project since the actual number of people employed will vary somewhat from
any forecast. To the extent that Scenario I approximates current estimates
for Project employees, a review of its information will provide projected
effects.

Comment No. AS

Exxon has indicated to the Department of Industry, Labor and Human Relations
that for planning purposes for the septic system at the mill, 1,400 workers
was the peak employment. If the peak employment is 1,680 workers as
indicated in the Future Conditions Report's, most-likely scenario, would the
septic tank and soil absorption field be adequately sized? Please explain.

Response:

As explained in the response to comment No. A4, Exxon Minerals Company's
current estimate of peak employment is approximately 1400 people. At that
point during the construction period approximately 10 percent are contractor
personnel for shaft and underground comstruction, 33 percent are Exxon
employees and the remainder (57 percent) are contractor personnel for
surface facilities construction.

The sanitary sewage soil absorption field was sized following DILHR
guidelines based on the current estimate of the operations phase work force
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of 703 people. With allowance for visitors and approximately 10 percent
contingency, 800 people were used for estimating sanitary sewage waste

generation. ‘

In following Wisconsin Administrative Code H63.15(3)(C)2, a total per day
per person sanitary sewage waste generation rate of 0.13 m3 (35 gallons)

(20 gallons sanitary waste and 15 gallons for showers) was assumed. The 35
gallon per person per day is conmservative because most employees and
visitors will not shower in Exxon facilities. However, using these criteria
and adding 2.84 m3 (750 gallons) per day of base flow (per code), the

total daily sanitary sewage flow is estimated to be 108.8 m3 (28,750
gallons) which is equivalent to an approximate average flow rate of 4.54
m3/h (20 gallons per minute).

Assuming one-half of the shaft and underground construction personnel (i.e.,
70) and one-fourth of the Exxon permanent employees (i.e., 116) shower
during the temporary comnstruction peak, the sewage flow would be:

Those showering:

0.10 x 1400 .5 x 35 gal/day

x 0 2450 gal/day
0.33 x 1400 x 0.25 x 35 gal/day

4043 gal/day

Those not showering:

0.10 x 1400 x 0.5 x 20 gal/day
0.33 x 1400 x 0.75 x 20 gal/day
0.57 x 1400 x 1.00 x 20 gal/day

1400 gal/day
6930 gal/day
15960 gal/day
30783 gal/day

Although this temporary peak construction flow rate is approximately 7
percent greater than the soil absorption field design flow rate, it is
within the variations of flow the DILHR design criteria (area loading rate)
are meant to tolerate. For the septic tank, which is sized for a one-day
retention time for the sewage flow rate, the retention time would also be
shortened by about 7 percent during this construction peak. This would have
no effect on the operation of the system.

Comment No. A6

Are there any federal requirements and regulations relating to training,
mine safety, or other prerequisites for underground miners which could
impact Exxon's local hiring? Are there any other barriers to local hiring?
Please discuss.

Response:

Initially a core of experienced underground miners must be hired (i.e.,
approximately 70 people) to begin early mine level (i.e., drifts)
construction. To our knowledge, there are no laws that will impact Exxon's
local hiring practices, as long as the preferential hiring of local people
does not result in a violation of state or federal civil rights. There are
MSHA training requirements which must be fulfilled prior to assigning an
employee to work underground. This training will be conducted after
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employment and will be given to all underground employees regardless of
experience levels. Therefore, this training requirement should not impact
hiring.

Comment No. A7 (Comment #45)

Exxon's response indicates that an inventory of all private water wells and
systems within the 1 meter potential groundwater drawdown area was under-
taken. However, the appropriate drawdown area must be defined by the
O-meter contour and under a worst-case scenario analysis. These data are
required so that impact to all potentially affected wells can be evaluated.

Response:

An inventory of private water wells in the environmental study area was
completed in 1978 as part of the baseline evaluation and the results are
reported in EIR subsection 2.3.3.7. The inventory included those wells
located in the area of potential ground water drawdown.

The current hydrogeology program will provide information on the extent of
the ground water potentiometric surface drawdown defined by the O-meter
contour under a worst-case analysis. These data will provide the basis for
evaluating the impact to potentially affected wells in the site area. When
this field and laboratory program has been completed, we will discuss the
results with the DNR. These results will also provide the basis for an
inventory of private water wells and systems within the drawdown area. The
scope of this inventory, including the inventory area, schedule and field
and laboratory data to be collected, will be determined jointly with the
DNR.

Comment No. A8 (Comment #72)

Please identify classes or "typical"” chemicals which may be used as
dewatering agents.

Response:

Dewatering agents are chemicals used to lower the surface tension of water
and/or flocculate mineral particles so that they can be filtered more
easily. The mining industry uses these chemicals to aid in filtering
mineral concentrates. Dewatering agents that are currently marketed are
sulfo-succinate surfactants. A particular dewatering agent has not been
identified for use at Crandon, nor has the absolute need for a dewatering
agent been established. It is unlikely that they will be needed. Operating
experience with pressure filters on sulfide concentrates at other operations
has not shown the need for dewatering agents.

Comment No. A9 (Comment #102)

Surface fuel storage facilities would be surrounded by dikes to contain
accidental spills. Please provide details on how precipitation would be
permitted to run off the site while accidental fuel spills would be
contained.

12



Response:

The two main fuel oil storage tanks and the two subsidiary downhole
measuring tanks, together with their containment dikes, are shown on Drawing
No. 051-1-G-003 (Attachment No. l1). The dikes surrounding both storage
areas have been sized to contain the combined volume of the tanks in each
facility. This drawing is subject to revision during final engineering.

Under normal circumstances the sluice gate valves, shown in Section C (see
Attachment No. 1), will be closed at all times. Rainwater will thus be
contained within the berm. Periodically or after each storm and assuming no
fuel oil spills have occurred, the gate valves would be opened and the water
allowed to drain into the surrounding area.

In the event of minor contamination of the water within the dike, the oily
water would be pumped to a tanker truck and transported to the industrial
sewer system, which is equipped with an oil/water separator, for disposal.

The transfer pumps are located in a small pump house outside of the dike for
fire safety reasons. The pumps also will be surrounded by a concrete wall
0.25 m (0.8 feet) high to contain any spills which might occur in the pump
house.

In the unlikely event of a tank rupture, the spilled fuel would be totally
contained within the dike. If such an event should occur, the spilled fuel
would be pumped to a tanker truck for disposal at an approved disposal
location off-site or to a reprocessor if appropriate. Similarly, any major
spills less than a tank rupture could be handled in the same way.

Comment No. AlQ (Comment #104)

Our comment was erroneous. Since there will be no permanent residences the
potable water supply system will be classified as a noncommunity water
supply. As such, the approval for well construction and chemical treatment
are governed by NR 112, Wisconsin Administrative Code.

Response:

Comment acknowledged and construction and chemical treatment of the potable
water supply well will be completed in accordance with NR 112, Wisconsin
Administrative Code.

Comment No. All (Comment #176)

Please provide either plan elevation drawings or a schematic representation
showing dust collection points and duct work to the dust collector(s).

Response:

Drawings No. 051-5-G-002, 051-1-M-001, 051-5-G-005, and 051-5-G-004 showing
the dust collectors and their locations were provided with the air permit
response letter sent to the DNR on January 24, 1984. Please review the
response to comment No. 3 of the January 24, 1984 letter for this

. information.
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Comment No. Al2 (Comment #186)

. Please discuss the potential for generation of hydrogen sulfide from the
concentrator.

Response:

There are no process conditions that are conducive to the production of
hydrogen sulfide. Sodium sulfide will be added to the primary grinding
circuit for stringer ore. This is used to precipitate any soluble metals,
particularly copper, in the stringer ore slurry. Since this reagent is
expensive, its use will be closely controlled to avoid excess use. Assuming
250 g of sodium sulfide are added per ton of stringer ore and that the pH of
the ground ore slurry 1is 10.3, the theoretical concentration of hydrogen
sulfide in air just over the slurry would be less than 1 ppm. This assumes
that 5 percent of the added sulfide exists as unreacted sulfide in the ore
slurry and that all excess hydrogen sulfide reaches the air. Any hydrogen
sulfide formed will react with soluble metals to form an insoluble metal
sulfide. Hydrogen sulfide will also react with polythionates in recycle
process water to form thiosulfate according to the following reaction:

2HyS + 4S40¢ + 3Hp0 =----> 95703 + 10H'

Because these mechanisms prevent hydrogen sulfide from being emitted,
hydrogen sulfide generation has not been identified as a problem in massive
sulfide concentrators.

. CHAPTER II
Comment No. Al3 (Comment #5)
The most accurate characterization of the Department's role in air
monitoring would be to state that the Department certified Exxon's air
monitoring data.

Response:

Comment acknowledged and the EIR will be revised to state that the
Department certified Exxon Minerals Company's air monitoring data.

Comment No. Al4 (Comment #9)

The equation provided for calculating the geometric mean value is incorrect,
perhaps due to a typographical error. Please provide the correct equation.

Response:

Comment acknowledged. The correct expression of the equation is:

n
log (G.M.) =1 2 log x4
n
i=1
. Our calculations are correct; however, the equation was incorrect because of

a typographical error.
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AComment No. Al5 (Comment #16)

Please identify the locations of test wells and soil borings which have been
abandoned and describe the abandonment methodology.

Response:

Figure 2.2-5 of the EIR shows the location of all test wells and soil
borings in the environmental study area. Borings in which piezometers have
been installed are marked by solid black circles.’ All others have been

abandoned.

The following description from a drilling contract outlines abandonment
methodology:

"Grouting of Boreholes

Upon satisfactory coﬁpletion of each boring which does not contain
a ground water observation well, and acceptance thereof by Exxon,
the contractor shall refill the borehole with grout.

All boreholes are to be grouted. The grout mix shall consist of
seven (7) gallons of water and two (2) pounds of powdered
bentonite per sack (94 pounds) of Type 1 Portland cement. The
contractor, at his option, may use an accelerating agent in the
grout to achieve a rapid set and hardening of the grout. Exxon
reserves the right to adjust the grout mix proportions in order to
provide a grout consistency which is in Exxon's judgment better
suited to the project needs.

The grout shall be pumped into the borehole through a pipe or
hose. Pumping shall be initiated with the pipe or hose extended
to the bottom of the borehole. The grout pipe or hose shall then
be withdrawn in a tremmie fashion until the casing or hole is
full. Casing where used shall then be removed from the borehole
in no more than ten (10) foot increments with the grout level in
the remaining casing re-established to the top of the hole after
each increment of casing is removed. The grout added after the
initial pumping may be poured down the casing rather than being
pumped. It is estimated that the grout mix specified herein,
without an accelerating agent, will require 12 to 24 hours to
achieve its initial set. If at any time prior to completion of
the refilling operation the borehole is left unattended, it shall
be suitably capped and protected.”

Comment No. Al6 (Comment #21)

This response does not address the potential for contamination of the
samples from drilling fluids.

Response:

At the selected sampling depth, a split spoon sampler is attached to the end
of the drill string and lowered to hole bottom. By hammering on the drill
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rods, the split spoon sampler is driven into the undisturbed glacial soil
material for approximately 457 mm (18 inches). The split spoon sampler is
opened after removal from the hole. Generally, only the upper 25 to 51 mm
(1 to 2 inches) of the sample have been disturbed by the rotary bit and
drilling fluids. That portion of the sample is discarded. To further
insure an undisturbed sample and a sample free of contamination by drilling
fluids, only the lowermost 152 mm (6 inches) are logged and saved in a
plastic container for laboratory testing.

Comment No. Al7 (Comment #23)

We feel that additional testing for asbestiform materials is warranted.
While the bulk analyses performed to date indicate a general absence of
asbestiform minerals, even trace amounts of asbestiforms fibers can be a
potential health hazard. Since asbestiform fibers would tend to be
concentrated in the tailings and the concentrate fines, it is necessary to
investigate these materials using trace techniques. Similar analyses could
also be conducted on waste rock and glacial till samples.

The fines fractions should be analyzed as if they were air particulates
obtained by special sampling techniques. The analysis should conform with
that specified in the U.S. EPA document "Electron Microscope Measurement of
Airborne Asbestos Concentrations; A Provisional Methodology Manual”, EPA -
600/2-77-178 (Revised June, 1978). Please consult with our Bureau of Air
Management before initiating this program.

Response:

A preliminary test program has been developed to determine if asbestiform
minerals are present in tailings resulting from pilot testing of Crandon
ores. We intend to review this proposed program and all previously acquired
data with the DNR to determine (1) if further asbestiform testing is indeed
necessary, and (2) the details of a test program if it is required. A
meeting will be scheduled within the next 30 days with the Bureau of Air
Management to discuss and resolve the program for additional testing of
asbestiform materials.

Comment No. Al8 (Comment #25)

This response does not provide the requested information. Please provide
quality control data collected when Exxon's samples were analyzed and
describe the evaluation of these data.

Response:

We do not maintain contractor quality control data in our files. It is the
responsibility of our contractors to maintain these data files.

Because these contractors have several clients and analyze many samples each
year, it is time consuming and costly to retrieve quality control data.

These data are generally maintained in laboratory files which have EMC data
interspersed with other client data and a technician must search the entire
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file to retrieve specific quality control data.

We recently experienced

this in providing Aqualab, Inc. quality control data which the Department

requested.

We will provide these data, however, the DNR must make their request as specific
as possible. We need to know the type of samples analyzed and the specific time
Once this information is received,

the samples were analyzed (i.e., June 1979).
it will take us approximately 90 days to provide the data.

Comment No. Al9 (Comment #34)

Please provide interpretive lithologic logs for the exploration holes
drilled to evaluate the mineral potential of sites 40 and 41.
degree of bedrock fracturing, weathering, and permeability of these two

sites.

Response:

Discuss the

The requested information will be included as part of a forthcoming report
The contents of this report were
discussed at the January 11, 1984 meeting with the DMR in Madison,

to the DNR entitled "Bedrock Hydrology."

Wisconsin.

Comment No. A20 (Comment #33)

Please provide the results of the analyses for the 6 till samples cited in

this response.

Response:

Permeability estimates for three till samples were completed at two
different densities (i.e., 125 and 135 pounds per cubic foot [pcf] dry weight)
using the published Federal Highway Administration (FHWA) nomograph.

data required for the analysis are as follows:

The relevant

Unit Dry Coefficient of

Boring Sample Depth D10 %=200* Weight Permeability
(m) (mm) (pef) (cm/sec)
G41-G15 SA 5A & 5B 20 .003 27 125 1.4 x 1076
.003 27 135 2.1 x 1077
G41-L19  SA-2 3 .017 18 125 1.0 x 1073
.017 18 135 1.7 x 10°6
G41-E13  SA~9 12.5 .06 11 125 1.0 x 10~%
.06 11 135 1.5 x 1073

Grain size curves for the referenced samples and the nomographs illustrating
the analyses are provided on the attached figures (A20-1 through A20-6).

*Percentage of soil passing a No. 200 mesh sieve on a dry weight basis —-
commonly referred to as the percentage of fines.
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Comment No. A2l (Comment #44)

Please provide noninterpretive lithologic logs which address bedrock
weathering and fracturing for the deep exploration holes used in the packer
tests and the data obtained from these tests. Attachment 2, submitted in
support of response 18, should be amended to indicate which holes had been
subjected to the packer tests.

Response:

Noninterpretive 1lithologic logs which address weathering and fracturing for
the deep exploration holes used in the packer tests and the data obtained
from these tests will be presented in an Exxon Minerals Company report
entitled "Bedrock Hydrology."” This report is in preparation and will be
submitted to the DNR when completed.

Attachment No. 2 which was submitted in support of response to comment No.
18 in the May 11, 1983 DNR letter will be amended to indicate which holes
were subjected to packer tests. This amended attachment will be provided
within 30 days.

Comment No. A22 (Comment #58)
Please indicate the ground water divides on Figure 2.3-4.
Response:

A dotted line as shown on the attached figure will be added to EIR

Figure 2.3-4 to indicate the approximate axis of the ground water table
"ridge.” There is no other defined ground water divide, although a ground
water mound occurs northeast of Little Sand and Duck lakes.

Comment No. A23 (Comment #61)

Provide at least one illustrative comparison of a selected groundwater
hydrograph with piezometer data or a stream hydrograph, and precipitation
data to substantiate this response.

Response:

Limited precipitation data in the site area are available. However, a long-term
precipitation record is available from Nicolet College in Rhinelander, Wisconsin.
These data indicate that the maximum precipitation occurs from May through
September (see attached Table 2.4-14). From May through September rainfall is
approximately 63 percent of the annual precipitation which occurs.

The USGS stream gage at State Highway 55 above Rice Lake is the nearest sampling
station to the site area with a long-term record of surface water flow rates. As
indicated in attached EIR Appendix Table C-1, the months with highest surface
water flow rates are from April to October. This record closely follows the
average monthly precipitation totals summarized in Table 2.4-14. With the
exception of April, the surface water flow rate data suggest a lag time of
approximately one month between increased precipitation and higher flow rates.
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TABLE 2.4-14

AVERAGE MONTHLY PRECIPITATION AT
NICOLET COLLEGE, RHINELANDER, WISCONSIN

1908 THROUGH 19772

AVERAGE :
PRECIPITATION PERCENT OF
MONTH (om)b ANNUAL PRECIPITATION
October 59.4 7.6
November 47.8 6.1
-December 28.2 3.6
January 26.9 3.4
February 25.4 3.3
March 38.4 4.9
April 59.4 7.6
May 85.3 10.9
June 115.6 14.8
July 97.3 12.4
August 102.6 13.1
September 95.2 12.2
Total 781.6 100

aBlack, 1978.
b25.4 mm = 1 inch.
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TABLE C-1) Page | of 3
USGS DALLY STREAM DISCHARGE RECORD
FOR SWAMP CREEK ABOVE RICE LAKE AT HIGHWAY 55 NEAR MOLE LAKE, WISCONSIN
AUGUST 1977 TO SEPTEMBER 1980
R USCS STATION NUMBER 04074538
DALLY DISCHARGE (cfs)
R 1 o . o 1978
SEP oCcT NOV_ DEC JAN T FEB MAR APR _MAY JUNE JULY AUG SEP
43 40 28 26 27 17 16 25 37 57 27 37 36
44 38 29 26 25 17 16 29 32 53 46 37 33
43 36 37 26 24 17 16 27 34 46 68 35 34
40 N 46 25 24 17 16 34 3l 41 61 32+ 32
37 34 42 25 24 17 16 41 30 38 49 30 29
36 34 38 25 24 17 17 49 30 36 50 28 29
36 32 38 25 23 17 17 57 29 35 49 26 29
34 41 43 25 22 17 17 56 3l 39 41 25 28
3 51 42 25 22 18 17 54 40 37 37 23 27
28 50 41 25 22 18 17 66 42 34 34 22 26
25 48 39 26 21 18 17 4 3 32 3l 24 24
25 49 37 26 21 18 17 69 36 32 28 22 27
27 41 33 26 21 18 17 66 36 3 28 21 39
25 45 3l 26 21 18 17 58 53 3l 27 20 59
23 45 30 26 21 18 17 51 60 43 25 25 64
27 38 28 26 21 18 17 47 51 40 24 64 54
3 38 27 27 21 18 17 44 42 37 22 72 45
2 35 26 30 21 18 18 45 37 35 41 61 42
54 N 24 3l 21 17 18 s8 35 32 72 54 44
63 3l 26 3l 21 17 18 64 34 30 64 49 43
58 29 36 29 21 17 19 62 34 31 50 43 40
50 29 33 29 20 17 19 56 3l 3l 51 39 36
45 29 30 28 20 16 19 54 30 29 90 43 3
48 28 1 28 20 16 19 58 29 28 98 59 30
55 28 30 29 20 16 20 56 28 27 8l 60 28
55 28 28 29 20 16 21 52 29 26 68 52 26
55 25 27 29 20 16 21 48 35 26 61 50 32
50 26 26 29 19 16 21 44 53 24 53 54 33
46 27 26 29 19 -~ 22 43 56 24 48 52 35
43 29 26 28 19 == 23 40 60 22 43 45 40
-- 28 - 28 18 -- 24 - 55 -= 39 39 ==
1,209 1,104 980 843 663 480 566 1,527 1,194 1,027 1,506 1,243 1,077
40.3 35.6 32.7 27.2 21.4 17.1 18.3 50.9 38.5 34.2 48.6 40.1 35.9
e hovTHLY STREAM DISCHARGE o
2,398 2,189 1,946 1,672 1,316 Y50 1,125 3,029 2,367 2,035 2,988 2,466 2,136
0.97 0.89 0.79 0.68 0.53 0.3y 0.46 1.23 0.96 0.83 1.21 1.00 0.87

Runof £ =

Notes: 1978 Water year = October 1, 1977 to September 30, 1978.
Total stream discharge, 1978 water year = 24,219 acre-feet (9.83 inches of runoff).
Mean daily stream discharge, 1978 water year = 33.5 cfs.

See Flgure 2.4-],

Drainage Area: 119.7 km2 (46.2 square miles).

Period of Record: August 1977 to current year.

To convert to mjls, multiply cfs by 0.02432.

Location:

Source:

USGS,

1979,
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TABLE C-1 (continued) i Page 2 of 3

DAILY DISCHARGE (cfs)

1978 e 1979
DAY oCT NOV DEC JAN ~__MaR APR MAY JUNE JULY AUG SEP
1 37 19 17 21 21 26 67 55 43 40 38 3l
2 35 18 i7 21 21 26 62 55 41 37 32 43
3 35 18 17 21 21 27 57 57 40 38 29 43
4 35 18 18 20 21 27 56 53 36 42 27 39
5 35 18 18 20 21 27 57 50 35 39 26 a5
6 a8 18 18 19 21 28 62 53 34 35 25 32
7 34 17 17 19 22 28 54 62 36 33 23 3l
8 30 17 17 19 22 28 53 69 41 32 22 26
9 27 18 17 19 22 28 51 82 39 35 21 22
10 26 18 18 19 22 27 48 91 61 34 24 21
11 26 18 18 19 22 26 46 81 18 34 25 20
12 26 18 19 19 22 27 47 74 60 19 24 23
i3 26 19 19 19 22 27 59 65 47 87 25 30
14 24 23 19 19 22 27 67 64 41 94 25 29
15 22 23 19 18 21 26 69 62 39 83 22 25
16 22 20 18 18 21 28 '3 53 43 66 18 21
17 22 22 18 19 21 29 3 47 117 57 20 19
18 21 31 18 19 21 30 25 44 128 hé 22 17
19 21 26 19 19 22 33 137 58 90 38 25 16
20 21 24 20 20 23 42 151 82 70 36 24 15
21 21 21 21 21 23 47 149 75 80 35 22 15
22 20 19 21 21 23 54 131 63 78 33 24 15
23 21 18 21 21 25 68 113 55 66 31 38 13
24 21 18 21 21 25 92 102 52 54 30 41 17
25 21 18 21 21 24 90 96 47 48 38 36 19
26 21 18 21 21 23 80 91 43 46 42 29 17
27 20 18 20 21 24 76 80 43 45 38 29 17
28 20 18 20 21 25 72 68 42 42 37 30 14
29 18 19 21 21 - 68 61 40 43 34 29 14
30 18 18 21 21 = 65 58 39 41 32 27 15
31 19 == 21 21 - 65 - 41 - 40 25 -
Total (cfs) 783 588 590 618 623 1,344 2,395 1,797 1,662 1,373 821 694
Mean (cfs) 25.3 19.6 19.0 19.9 22.3 43.4 79.8 58.0 55.4 44.3 26.7 23.1
MONTHLY STREAM DISCHARGE
Acre-feer 1,556 1,166 1,168 1,224 1,238 2,669 4,748 3,566 3,297 2,724 1,642 1,375
Inches of
Runof £ 0.63 0.47 0.47 0.50 0.50 1.08 1.93 1.45 1.34 1.11 0.67 0.56
Notes: 1979 Water year = October 1, 1978 to September 30, 1979.

Total stream discharge, 1979 water year = 26,373 acre-feet (10.70 inches of runoff).
Mean daily stream discharge, 1979 water year = 36.4 cfs.
Source: USGS, 1980.
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TABLE C-1 (continued) Page 3 of 3

DAILY DISCHARGE (cfs)

1979 1980
bAY  OCT NOV DEC JAN FEB ~_ AR APR HAY JUNE JULY AUG SEP
1 15 57 20 23 19 17 32 1 49 3l 24 47
2 17 45 20 22 18 17 33 32 42 29 24 47
3 17 36 22 21 18 17 15 32 37 26 25 40
4 16 34 24 19 18 17 32 30 27 24 26 41
5 16 32 26 19 18 17 6 30 5 23 32 39
6 15 39 27 19 19 17 46 29 61 33 30 3%
7 18 37 28 18 18 17 59 29 62 29 29 29
8 20 33 27 18 18 17 78 28 64 23 36 26
9 19 29 28 18 i8 17 107 26 52 23 40 25
10 17 27 28 18 18 18 91 25 42 23 34 24
11 17 22 28 20 19 17 70 32 s 23 30 22
12 17 27 25 20 19 17 61 32 10 24 27 21
13 18 26 24 20 19 17 53 35 28 23 24 26
14 16 25 23 21 18 17 46 s 28 21 22 31
15 15 25 23 ° 23 18 17 42 34 k11 20 21 28
16 15 22 22 27 18 17 40 kY| 32 21 19 28
17 15 25 21 30 18 18 40 28 28 25 18 27
18 14 26 21 32 18 19 43 28 k)| 25 17 24
19 15 28 21 30 19 20 46 28 45 27 16 22
20 19 32 22 28 20 22 47 27 50 k]| 17 25
21 23 13 24 27 21 22 46 25 41 s 21 68
22 48 36 24 26 22 20 47 26 34 3l 22 95
23 86 16 25 25 21 20 44 25 3l 26 21 77
24 74 15 26 24 20 21 40 23 29 21 23 56
25 49 33 25 23 19 20 37 22 27 21 31 45
26 38 35 25 22 19 22 34 20 26 20 36 41
27 33. 40 23 21 20 23 32 22 27 19 49 34
26 37 35 22 21 19 22 33 19 48 18 47 kY1
29 37 32 23 19 18 24 34 42 45 25 39 28
30 34 22 22 19 -- 21 34 54 37 25 37 28
3l 33 - 23 19 - 31 - 60 - 24 37 -
Total (cfs) 823 964 741 692 547 604 1,418 962 1,158 769 874 1,109
Mean (cfs) 26.5 32.1 23.9 22.3 18.9 19.5 47.3 1.0 38.6 24.8 28.2 37.0
L MONTHLY STREAM DISCHARGE
Acre-feet 1,629 1,912 1,470 1,373 1,085 1,198 2,813 1,908 2,297 1,525 1,734 2,200
Inches of ‘
Runof f 0.66 0.78 0.60 0.56 0.44 0.49 1.14 0.77 0.93 0.62 0.70 0.89
Notes: 1980 Water year = October 1, 1979 to September 30, 1980.

Total stream discharge, 1980 water year = 21,144 acre-feet (8.58 inches of runoff).
Mcan daily stream discharge, 1980 water year = 29.2 cfs.
Source: USGS, 1981 (provisional).



The increase in April surface water flow rates are a result of increased
precipitation (i.e., 4.9 to 7.6 percent from March to April) and surface water g
drainage from melting snow.

Similarly, the piezometer hydrographs for boring locations DW-1A, DW-1U, and DW-1L
(see attached EIR Figure B-2) indicate an increase in ground water elevation in
June, July and August of 1978. An increase is also evident in 1977 for hydrograph
DW=1L. The increase in the ground water elevation also appears to occur from 1l to
2 months later than the melting snow or precipitation percolation to the main
ground water table. This pattern is more evident in hydrograph DW-1L than in
DW-1A and DW-1U during 1977. :

Comment No. A24 (Comment #62)

Provide an illustrative demonstration of the comparability of data recorded
by continuous and intermittent water level recorders.

Response:

The attached ground water hydrographs from wells TW-1 (EIR Figure 2.3-11) and
DW-2U (EIR Appendix Figure B-3) show the comparability of data recorded
continuously (TW-1) and on a monthly basis (DW-2U). These wells are located
within 1.6 km (1 mile) of each other and are screened in approximately the same
aquifer zone. Over the common period of record, October 1977 through October
1978, the hydrographs exhibit almost identical response.

Comment No. A25 (Comment #83)

Please note that the same methodology for total sulfur analysis should be .
used in future analysis to insure comparability of data.

Response:

Comment acknowledged and the same methodology for total sulfur analysis used
during the baseline monitoring program will be employed for any future
analyses of this parameter.

Comment No. A26 (Comment #84)

This response does not address the comment. Please explain how total sulfur
data can be reported to a greater number of significant figures than the
sulfate data from which it is partially derived.

Response:

As stated in EMC's response to earlier EIR comment No. 84 in the DNR's May 11,
1983 letter, the analytical detection limit for sulfate is 1 mg/l. If total
sulfur is being reported from sulfate amalytical results, then the detection limit
is correspondingly S/SO4 = 32/96, or 0.3 mg/l. The detection limit value of

0.01 mg/1 for total sulfur which was originally reported in EIR Table 2.4-10 was
incorrect and will be corrected in the revised EIR. Thus, as the DNR correctly
stated, total sulfur values can only be reported to the nearest mg/l.
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Comment No. A27 (Comment #87)

Is the 0.0l mg/l detection limit for Cr+6 listed in Table 2.4-10
correct?

Response:

The detection limit for Chromium (VI) as listed in Table 2.4-10 is 0.01
mg/1.

Comment No. A28 (Comment #119)

Analysis of the most recent surface water quality samples collected from
Duck Lake revealed that baseline conditions have not been reestablished

since the 1980 pumping test. Values for conductivity, alkalinity and pH
remain elevated. Exxon must continue monitoring Duck Lake on a periodic
basis until baseline conditions are reestablished.

Response:

Comment acknowledged and Exxon Minerals Company will monitor Duck Lake on a
quarterly basis for pH, alkalinity, total hardness, total dissolved solids,
and specific conductance (conductivity) until baseline conditions are
reestablished or agreement with the DNR that continued monitoring is not
required.

Comment No. A29 (Comment #123)

We believe that the low dissolved oxygen levels at Station Z are
attributable to aquatic plant communities in that segment of the Wolf River
rather than inputs of low dissolved oxygen water from Swamp Creek, Spider,
and Pickerel Creeks.

Response:

In our response to comment No. 123 in the DNR's May 11, 1983 comment letter,
we provided a possible explanation for the low dissolved oxygen levels at
Station Z in the summer of 1978. We acknowledge the presence of aquatic
plant communities in this segment of the Wolf River and it could be
speculated that these communities affected dissolved oxygen concentrations
in the water during this period.

Comment No. A30 (Comment #128)

Contrary to your response, there are sediment metal concentrations
significantly outside the expected range of values (e.g. Cr and Pb in
sediment at Station D). Please provide a discussion and explanation for
these unusually high concentrations.

Response:
Chemical analyses on stream sediment samples in the Swamp Creek drainage

basin in March 1978 indicate a mean of 43.5 ppm with a standard deviation of
21.4 ppm for chromium, exclusive of Station D. Station D in Swamp Creek had

a single reported value of 180.8 ppm which is six standard deviations from :
the above mean of the chromium values reported for the Swamp Creek drainage '
basin.
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The lead concentration in the sediment sample at Station I, Little Sand Lake
in the Pickerel Creek drainage basin, was 156 ppm which was approximately 10

standard deviations from the mean, 16.9 ppm (+13.3 ppm), of the nine samples
exclusive of Station I.

These chromium and lead values are anomalously high compared to other
analyzed concentrations during the sampling period and appear to be
non-representative of the sediments for the drainage basins. In EIR
Appendix 2.4L, Tables L5 and L6 more recent chemical analyses are presented
of sediment samples collected at two stations on Swamp Creek in May 1982.
The total chromium concentrations measured were lower than those reported in
1978 and had less statistical variance. Possible explanation for the
earlier reported unusually high concentrations in the sediment samples may
be contamination from a nearby corroding lead sinker (fishing equipment),
stainless steel tool or machine part and would thus not be representative of
the drainage basin.

Comment No. A31 (Comment #137)

Rather than selecting a representative species from each trophic level, it
is only necessary to sample a top level predator (i.e., walleye, bass, or
northern) and a bottom feeder (i.e. carp or suckers).

Response:

Comment acknowledged. Analysis of metal concentrations in fish tissue has
been completed as part of the 1983 Aquatic Monitoring Program in Swamp
Creek. Fish species representative of a bottom feeder (white sucker) and a
top predator (northern pike) were included in the analyses. Rock bass were
also included in the analyses as an example of a diverse feeder consuming
plant material, insects and fish. Any additional analyses of fish tissues
will include only samples from top level predators and bottom feeders.

Comment No. A32 (Comment #138)

As a point of clarification, metal analysis of bullheads and catfish should
be conducted with skin-off fillets.

Response:
Conment acknowledged.

Comment No. A33 (Comment #146)
The statement that “The fish community structure upstream and downstream of
Rice Lake is similar” is inaccurate since a native brook trout fishery
(Class II) exists in Swamp Creek above Rice Lake but is nonexistent
downstream of Rice Lake.

Response:
In Swamp Creek the fish community trophic structure upstream and downstream

of Rice Lake is considered similar. Insectivorous, omnivorous and
piscivorous species are present in both segments of the creek. There are
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differences in species composition in fish communities upstream and

downstream of Rice Lake and these are discussed in detail in subsection 4.1 '
in Ecological Analysts' “Final Report on the Aquatic Biology of Swamp Creek”

dated August 1983 (report previously provided to the DNR).

CHAPTER III
Comment No. A34 (Comment #2)

Please provide a discussion of the likelihood and ramifications of ore
reserves significantly exceeding the current estimate.

Respounse:

There is little likelihood of finding ore reserves "significantly” exceeding
the current estimated reserve of 68.7 million metric toms (75.7 million
short tons). Drilling from the surface has defined the extent of the
orebody along the east/west strike and perpendicular across the deposit into
the hanging wall and footwall.

The Crandon ore deposit has not been definitively defined at depth.
However, the deep orebody drilling indicates that the deposit thins rapidly
below the 710 m level. The current mine plan assumes the recovery of ore
down to the 830 m level. '

The decision by Exxon Minerals Company to recover additional reserves,
should they be found, would be based on a detailed study that would consider
the technical, environmental, and economic parameters at the time of mining.
Based on this study a "mine” or "do not mine” decision would be made.

The ramifications of the unlikely event of finding "significantly"” more ore
and recovering these reserves would probably result in an extended mine life
beyond the present forecast of 20 years of production. The current
facilities design and the constraints of underground mining limit the daily
production from Crandon to a normalized 9100 t/d (10,033 short tomns per
day). With the exception of the MWDF, the extended operation would have the
same impact as the normal operations. The additional tailings that would be
generated would simply fill the contingent capacity allowed for in the
current design of the MWDF.

Comment No. A35 (Comment #10)

Due to the lack of an adequate buffer zone between Skunk Lake and the
proposed slurry pipeline and haul road corridor, we recommend consideration
of a more southern route as an alternative.

Response:

Exxon Minerals Company originally considered four potential routes from the
mine/mill site to the MWDF area and a fifth "no-wetlands"” alternative was
identified in response to an earlier EIR comment No. 10 in the May 11, 1983
DNR letter. All five of the routes are presented in the attached revised
Figure 3.4-6.
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While there are not substantial differences among any of the five routes, we
favor routes 1, 2, or 3 because they are not located adjacent to Sand Lake
Road. This avoids having to relocate Sand Lake Road and eliminates any
potential adverse impact on traffic use of the road. Of these three routes,
we prefer route 1 as proposed in EIR Chapter 1.0.

Alternative routes 1 and 2 are aligned to maximize the use of existing
corridors. The proposed route and Alternatives 2 and 3 are each projected
to effect a maximum of 0.5 ha (1.3 acres) of wetland vegetation. The
proposed route also has a greater probability of impacting waterfowl use of
Skunk Lake than either Alternatives 2 or 3. Alternative routes 2 and 3
cross wetland Fll at the same location and the total wetland disturbance is
the same over the entire length of both altermatives. Construction of the
proposed route would disturb wetland Fll at two locations on its perimeter,
whereas Alternatives 2 and 3 cross this wetland and would divide it into two
segments connected by culverts (see attached EIR Figure 3.4-6).
Alternatives 2 or 3 would have a greater effect on the hydrologic functions
of wetland Fll than would the proposed route. If there is additional
evidence to support one of the alternatives, we would review and discuss it
further with the DMR to ensure that the route selected has the least impact
on the environment.

Comment No. A36 (Comment #24)

Localized pumping of the overburden aquifer appears to be under active
consideration by Exxon. If so, this proposal should be discussed in the
appropriate sections of the EIR and mining plan with greater detail on
pumping rates, mine inflow control and excess water discharge.

Response:

Although overburden pumping is a possible method of mine dewatering, we are
not actively considering using this method in the current design of mine
operations.

Comment No. A37 (Comment #29)

Please discuss the alternative of installing a second tailings transport
pipeline as a backup system.

Response:

During preliminary engineering studies for the tailings transport system, we
considered a backup tailings pipeline. However, based on continuing study
and planning of the system a single pipeline was selected. The design and
construction procedures proposed for the tailings transport system reduce
the risk of an unplanned shutdown to such a low level that the additional
cost of a backup system is not justified. The design and installation
procedures are more comparable to an underground water transmission line
installation rather than a conventional tailings transport line laid above
ground. These procedures reduce the susceptibility of the tailings
transport line to damage or failure. If a failure would occur, operations
would be interrupted for the repair period. Repair materials will be
stockpiled and procedures established prior to operations to ensure repairs
are made as expeditiously as possible to minimize environmental impacts.
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An increase in pipeline length over that currently being proposed would
increase the overall probability of a leak. Even though a backup pipeline
would only be used in the event of failure in the main line, it would double
the pipeline length and likewise increase the potential risk of failure.

Comment No. A38 (Comment #33)

Will the synthetic membrane system alternative require a 6 inch bentonite
liner? Also, no seepage collection systems are included for alternatives 2
and 3. If seepage collection systems are components of these alternmatives,
the cost estimates should be modified accordingly.

Response:

The three liner systems discussed in the earlier response to comment No. 33
were not presented for purposes of directly comparing one system to another.
The first liner system was proposed for seepage control in the tailing ponds
(underdrain plus bentonite modified soil liner); the second was proposed for
use in the water reclaim ponds (bentonite modified soil liner beneath a
membrane liner); and the third system was a 1.5 m (5 feet) thick native clay
liner that could be used in either applicationmn.

The use or function of a pond is a key factor in the selection of a seepage
control system. For example, if there is no requirement to actually
maintain water in the pond (i.e., the tailing ponds as opposed to the water
reclaim ponds) and if the water can be effectively removed, then removing
water from the pond becomes a primary means of ultimately controlling
seepage. In that case, a combination underdrain and liner system becomes
the best overall system. The underdrain, as used in the tailing ponds, is
the drainlayer overlying the liner which collects and removes water leaching
from the tailings, thereby removing the pressure head on the liner and
reducing the quantity of water which could seep through the liner.

For a pond designed to contain water, such as the water reclaim ponds, the
primary liner must contain the water, so there is no use for an underdrain
component similiar to the concept used in the tailing ponds. However, for a
water containing pond, use of a secondary liner for added protection to the
primary liner assures minimal risk in the event of primary liner failure.

Using the data presented in the response to comment No. 33, the following
alternative seepage control systems for use in a tailing ponds are estimated
to cost:

1) Bentonite Modified Soil Liner and Underdrain Seepage Control
System (the proposed system)

a. 0.15 m (6 inch) thick bentonite modified

till liner - (4 percent bentonite) - $0.29/f£t2
b. 0.46 m (18 inch) thick underdrain layer
of processed till - 0.31/ft2
c. 0.46 m (18 inch) thick filter layer
of unprocessed till - 0.10/ft2
Total cost - $0.70/£t2
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2) Membrane Liner and Underdrain Seepage Control System

a. synthetic liner - 36 mil Hypalon - $0.55/ft2
b. 0.46 m (18 inch) thick underdrain layer
of processed till - 0.31/f¢t2
Co 0.46 (18 inch) thick filter layer
of unprocessed till - 0.10/£t2
Total cost $0.96/£t2

3) Native Clay Liner and Underdrain Seepage Control System

a. 1.5 m (5 foot) thick native clay liner
hauled from Fence area in Florence County = $3.70/f£t2

b. 0.46 m (18 inch) thick underdrain layer

of processed till - 0.31/f¢2

c. 0.46 m (18 inch) thick filter layer
of unprocessed till - 0.10/ft2
Total cost - $4.11/£t2

However, in these alternative seepage control systems the important

component is the underdrain. When the underdrain performs its function of

reducing the pressure head (i.e., by collection and removal of water) acting .
to cause seepage through the liner, then the primary factor causing seepage

has been eliminated and minimal seepage will have been achieved.

APPENDICES
Comment No. A39 (Comment #A4)

Attachment number A2 does not provide data from Northern Lakes Services.
Please provide these data if they are available.

Response:
Mr. Ronald Krueger, Northern Lakes Services has conducted a complete search

of their files and no additional Duck Lake data are available. EMC has
provided DNR with all of the available Duck Lake water quality data.
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CHAPTER 1
Subsection 1.1.2.3 Project Schedules
Comment No. 1

The EIS indicates that over 4 years are required to construct the mine and
mill complex, about 3 years to reach full production, and 26 years of
operation. The Future Conditions Report, however, indicated an operations
life of 21 years. Please explain why the estimated operation life was
shortened by 5 years. Are the other schedules accurate? Will the operating
duration change result in any project construction or operation changes?

Response:
The current Project basis and plan are:
1) A construction period of about 3-1/2 years;

2) A mine production buildup period of about 3 years to full production ==
1l year during the construction phase (1989) and 2 years during the
early operation phase (1990-1991); and

3) A full production period (operation phase) of about 20 years.

The 20 year full production period represents our current plan based on
revised mine ore reserve calculations of 68.7 million metric tons (75.7
million short tons). The 26 year full production period in the EIR
contained a contingency factor to allow for a larger ore reserve and
processing more ore than the current estimate. The 20 year full production
period contains no contingency.

The current Project basis and plan supercede all previous schedules. The
operating duration change has no effect on other Project construction or

operations plans. EMC will provide a Project basis and plan schedule in

March 1984.

Section 1.2.1.2.1 Main Shaft
Comment No. 2:

Construction of the main shaft will require blasting of consolidated bedrock
material for the proper placement of the shaft collar and headframe
foundation. Discuss the potential for bedrock fracturing during blasting
which could increase the rate of ground water flow into the mine. Will
grouting be capable of minimizing these inflows?

Response:

Shaft advance by drill-blast-muck methods is anticipated to produce a 10
percent overbreak in the bedrock beyond the design rib "neat” line. The
overbreak rock material will be removed during the normal course of rib
scaling and mucking cycles. Beyond the overbreak boundary, it is

anticipated that a zone about 0.5 to 1 m (1.6 to 3.3 feet) thick will be
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loosened by blasting, reflecting an increase in. aperture of existing
discontinuities. Undisturbed rock will be present beyond the loosened
zone, '

Temporary "construction"” support estimates include the use of grouted rock
bolts, approximately 2.7 m (9.0 feet) in length, placed in a 1.2 m (4.0
feet) center to center pattern. The temporary support will probably be
located within 4 m (13.1 feet) of the shaft bottom and is expected to
maintain the integrity of the loosened zone and minimize further loosening
with time. '

Tentative construction plans indicate that the final support will probably
consist of slipform concrete which will be located approximately 15 m (50
feet) behind the advancing shaft bottom. The concrete will be placed
against the rock rib generally without voids between the rock and concrete.

Pressure grouting will be employed to control poinE sources of ground water
inflow which are large enough to hinder sinking operations. Grouting as a
general practice 1s not anticipated to be necessary below the interface of
the shaft collar, bedrock and overburden. This is primarily a result of the
clay filling of discontinuities in the weathered rock zone which extends
from 18 to 30 m (59 to 98 feet) below the overburden-bedrock contact. Also,
the bedrock displays a general and a rapid reduction in fracture frequency
and discontinuity aperture, respectively, with depth.

The loosened zone around the shaft is expected to perform somewhat like a
thin sand backfill for a standpipe piezometer installed in clay. Water will
migrate from the intact rock zone to the loosened zone and drain towards the
shaft bottom or behind the final support. However, the amount of migrating
water will depend upon the amount of water in the intact rock zone, which is
expected to be small, based on packer test results.

Also see subsection 1.3.1.4.2, Shafts and Collar, in the construction
section of the EIR.

Section 1.2.1.2.4 Stopes
Comment No. 3

Supergene weathering of the hanging wall and the Crandon formation has
created a very deep weathering slot that extends as deep as 230 m. Figure
1.2-4 indicates that mining will occur between 140 m. and 230 m. Describe
in greater detail the precautions that will be taken to minimize groundwater
inflows and mine gallery collapse in these weathered bedrock areas.

Response:

The EMC response to EIR comment No. 61 in the May 11, 1983 DMNR letter
describes in detail the precautions that will be taken to minimize ground
water inflows.

Exploratory diamond drilling techniques will be employed to identify active

water courses prior to advance of the mine face. Flows encountered on the o
uppermost mine level will be captured in interceptor drill holes and .
contained to avoid contamination by the mining processes at levels below.
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Mine water control drifts will be developed ahead of production entry in the
upper mine areas to maintain the ability to intercept ground water prior to
contamination and entry into the active mining areas. Ultimately, the
ground water interceptor system would function as shown on the conceptual
Mine Inflow Control cross-section (see attached figure). Cement grouting

of rock may be used for local inflow control or diversion.

As the mine progresses upward from the 230 m level, the required mine water
control drifts will simply be normal production access drifts developed
prematurely and dedicated for exploration and interception of ground water.

The exploration diamond drill holes, in fact, become part of the ground
water interception system. As is common practice in other mines, the
diamond drill hole collars will be packed and fitted with pipe connections.

Support of the mine workings in these areas 1is not expected to present any
major problems. Rock strength in the weathered zone that will be mined is
expected to be in the range of 5,000 to 10,000 psi. The planned mining
methods for the upper portions of the mine (modified cut and fill) have been
developed with the recognition of lower rock strength. These mining methods
will maintain the overall rock mass integrity and prevent the collapse of
the mine entries.

Section 1.1.3.6 Requirements for Governmental Service

Comment No. 4

Could sludge from sewage treatment be disposed in the tailings pond or on
site as a fertilizing amendment?

Response:

There are no plans for disposal of sewage sludge in an operating tailings
pond or as a soil fertilizing amendment. We believe disposal in a facility
specifically designed for that purpose, and handled by personnel
specifically trained and experienced in that activity is the proper method
for disposal of this material.

Section 1.2.1.2.14 Fuel Handling and Storage
Comment No. 5

Will the fuel handling storage facilities in the mine have a liner as well
as retaining walls to contain spilled fuels? How will spilled fuels be
collected and disposed/recycled? What equipment will be used and will each
level with a fuel storage area have this equipment available?

Response:

As specified in the EMC response to Mining Permit Application comment No. 44
in the October 10, 1983 DNR letter, the floors of the fuel spill retention
areas will be bedrock behind the cement retaining walls. Spilled fuel will
be collected with a sump pump, filtered, and recycled to the fuel tank. Two
fuel stations will be located underground on the 350 m and 695 m levels.
These stations will contain the same equipment which includes: (1) 1 -
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4,000 gallon tank; (2) fuel pump, valving, and piping; (3) sump pump,
valving, and piping; (4) foam generator for fire suppression; and (5) fire
doors and sensors.

Section 1.2.2.3 Concentrating
Comment No. 6

The EIR states that "floors will drain to separate sump pumps which return
the various product spills to appropriate feed points”. Will there be
general floor drains to remove cleanup or rain waters that enter the
building? Will spilled material be recyclable without treatment?

Response:

The sump pumps used to handle any spills will also be used for general
clean-up. Sumps have not been provided specifically for rain water; the
building is designed to prevent entrance of precipitation. Spilled material
can be recycled without any treatment; this is common practice in mineral
processing plants.

Section 1.2.2.10 Spill Control Facilities
Comment No. 7

What capacity will the spill control surge tank have? If multiple spills
occur for different process lines can the materials be safely mixed? If
recovered spills cannot be recycled where will they be stored pending
disposal? )

Response:

The spill control surge tank referred to in subsection 1.2.2.10, Spill
Control Facilities, was intended for spills in the reagent preparation area.
Current engineering does not incorporate the concept of using a common tank
to collect all liquid reagent spills so the spill control surge tank has
been deleted. Rather, curbing will be provided around the reagent mixing
tanks. Any spills will be confined within the curbing for a given mixing
tank. If multiple spills were to occur, they could not mix with each other.
Spills will be collected in a blind sump provided within each curbed area.
The spill will simply be pumped back into the respective mixing tank using a
portable sump pump. Avallable details for the reagent preparation areas
have been provided to the department.

There will be four process lines in the concentrator:
1) Grinding stringer ore and flotation for copper recovery;
2) Grinding massive ore and flotation for copper and lead recovery;
3) Copper—lead separation and lead upgrading; and

4) Zinc flotation.
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The sump system is designed to keep potential spills from these areas
separated. Allowing spills to mix would not be a safety hazard; however, .
from the standpoint of process control it is not desirable.

There is no reason that process slurry spills cannot be recovered and pumped
back into the process. There is also no reason why reagent spills cannot be
recovered for use as intended.

Section 1.2.4.2 Access Road
Comment No. 8

The EIR states that the access road will be two paved lanes (12 feet each)
with 8 feet shoulders. For the projected traffic load (600-780
vehicles/day) two paved lanes (1l feet each) with 6 feet shoulders should be
adequate.

Response:

During the preliminary engineering design work for the access road,
consideration was given to a lower design class or standard for the roadway.
An ll-foot paved lane and a 6-foot shoulder width would be the next lower
standard. However, the higher standard affords some safety and operating
improvements that are worthwhile but admittedly are difficult to quantify.

In winter weather additional roadway and shoulder width improves snow
plowing operations and ability to maintain an open road. Also, with a
stalled vehicle or an accident, traffic can be more easily maintained with
the wider road. While these considerations would be less important for
other roads with our traffic load and more normal traffic patterns, most of
our traffic will occur during the three shift changes each day. An
interruption to traffic flow during one of the shift changes might affect
operations. During final engineering of the access road, the lane and
shoulder widths will again be considered.

Section 1.2.4.3 Parking and Gate House
Comment No. 9

Describe in greater detail the two water retention basins on the site. If
basin siltation requires dredging, where will the dredged materials be
dumped? Estimate the quality of the water leaving these basins. To which
streams will this water flow?

Response:

The three attached figures show the current mine/mill site layout, including
the locations of the two water drainage basins used for collection,
retention, and release of all uncontaminated surface waters in the mine/mill
area. Details of the drainage basins and the other surface water drainage
facilities, the drainage area for each basin, and the basin sizing criteria
are all included on the figures. These figures are subject to revision
during final engineering.
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If the basins collect sediment in excess of their design, the sediments
will be removed (excavated) and hauled to the topsoil stockpile or one of
the soil material stockpiles at the MWDF. Separate basins (e.g., surface
drainage basin No. 3) are provided in the mine/mill site to collect and
transfer for treatment any surface waters that could potentially be
contaminated from mining operations.

Except for possible contaminants from parking lots and roadways and slightly
higher suspended solids content, the surface runoff water quality should be
comparable to current surface drainage water quality in the site area.

Water from drainage basin No. 1 will be discharged to the south of the
mine/mill site into wetland F1ll between Skunk and Little Sand lakes.
Ultimately, this water would enter Little Sand Lake.

Basin No. 2 will discharge surface water into wetland P2 north of the
mine/mill site. Ultimately, this water would enter Swamp Creek.

Section 1.2.4.5 Combustible Storage Building

Comment No. 10

What measures will be taken to contain, control, and clean up spills (e.g.
contingency plans, liners, berms, recycling, disposal, safety equipment)?

Response:

Combustible materials will be stored in a separate building now designated
as the lubricant storage building. Lubricants, paints, and cleaning
materials for the mine and mill will be stored in this building. The
building floor will be concrete without floor drains. There will be no
long-term storage of large quantities of these materials. the building and
contents will be inspected daily and any spills will be cleaned manually as
required.

Section 1.3.1 Facilities Construction

Comment No. 11

Please provide a list of nonmetallic minerals needed for construction
purposes. This would include gravel for all road and facility construction,
the ballast for the railroad spur, and materials for road/facility
surfacing. Include the processing plants associated with these activities
if appropriate, and indicate quantity of materials needed, estimated cost,
and likely source.
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Response:

The primary nonmetallic minerals needed for construction of the Crandon
Project along with estimated quantities and costs are summarized below:

Item Quantity 1982$/Unit
Concrete 46,900 m3 34 .40
(inc ludes surface and underground)

Base Course 24,400 m3 6.68
(includes access road and in-plant roads)

Subbase 28,800 m3 3.92
(includes access road and in-plant roads)

Asphalt Pavement 7,400 m3 ' 29.73
Railroad Ballast 37,900 t 3.86
(includes spur and siding)

Railroad Subbase 12,400 ¢ 3.92
Bentonite 7,700 t 117.16

Sand and aggregate for the above items could be supplied from a number of
local sand and gravel pits. The bentonite to be used primarily for the
MWDF probably will be obtained from out of state and will be delivered by
rail tank cars.

Two separate batch plants will be used on or near the Project comstruction
site. Descriptions of the batch plants and their estimated air emissions

have been included in the air permit application. The first, a temporary

concrete batch plant, will be located to the southeast of the main shaft.

This facility will provide most of the concrete for the surface buildings

and for underground mine construction.

A second processing plant will be located in the tailing ponds construction
area. This batch plant will mix the bentonite with native soils to provide
liner material for the tailing ponds, reclaim water ponds, and the temporary
ore storage pad.

Section 1.3.1.3 Access Road Construction

Comment No. 12
Please provide additional details on access road construction activities
including topsoil stockpile areas, location and design of erosion control

methods such as sediment basins, and deposition of peat removed from
wet lands.
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Response:

Existing topsoil will be stripped and saved from all cleared and grubbed
areas along the access road right-of-way. Based on preliminary engineering
for the access road, approximately 12.1 ha (29.9 acres) of right-of-way will
be cleared and grubbed. Assuming a depth of suitable topsoil of 0.15 m (6
inches) throughout the cleared area, a total volume of 18,150 m3 (23,700
cubic yards) of topsoil would be available for stockpile and reuse.

Suitable areas along the right-of-way would be chosen to temporarily
stockpile the topsoil. If temporary protection (control of surface water
runoff) was required, it would also be provided.

Construction of the access road includes topsoiling, fertilizing, and
seeding of all disturbed areas along the right-of-way. Most salvaged
topsoil will be applied to the road side slopes prior to seeding. However,
at the completion of access road construction any unused topsoil will be
hauled to the permanent topsoil stockpile at the mine/mill site.

The plan and profile and detail drawings from the plan set of preliminary
engineering drawings for the access road depict the entire alignment from
STH 55 to the mine/mill site interface point (see Attachment No. 10 included
with the response to EIR comment No. 129 in the DMNR's May 11, 1983 comment
letter). Drainage structure locations, typical sections showing
revegetation, and settling basin details are included. The plan sheets also
show the approximate slope intercept lines along the entire route, including
limits of revegetation after construction. These drawings are subject to
revision during final engineering.

Locations of the temporary erosion control facilities to be utilized during
construction, such as the straw bale or filter fabric silt traps and the
sheet piling at the Swamp Creek crossing, will be determined during final
engineering. These temporary facilities will be subject to further minor
adjustments in the field depending upon actual conditions and performance.

The total estimated amount of wetland soil materials removed along the
access road during construction is approximately 4800 m3 (6275 cubic
yards). No separate estimate of peat materials within this volume has been
made. These soil materials will be used as a top dressing on the roadway
side slopes outside the edges of the aggregate base course.

Section 1.3.1.9 Railroad Construction

Comment No. 13

Please provide additional details for railroad construction and associated
activities, including topsoil stockpile location, retention basin details,
and deposition of wetland organic soils.

Response:

The construction activities planned for the railroad spur are similiar to
those for the access road. In the preliminary engineering work for the
railroad spur, an estimated 13.6 ha (33.6 acres) will be cleared and
grubbed within the right-of-way. Assuming 0.15 m (6 inches) of suitable
topsoil throughout the cleared area, approximately 20,400 m3 (26,700 cubic
yards) of topsoil would be stripped and saved. In the preliminary
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engineering study an estimated 11,000 m3 (14,400 cubic yards) of topsoil

will be used during railroad spur construction for reclaiming disturbed .
areas and embankment or cut slopes. Any excess topsoil will be relocated to

the topsoil stockpile at the mine/mill site.

The permanent drainage and erosion control structures for the railroad spur
are shown in the plan and profile and detail drawings (see Attachment No. 10
included with the response to EIR comment No. 129 in the DMR's May 11, 1983
comment letter). The temporary erosion control measures will include the
same measures as suggested for the access road construction (see response to
comment No. 12). Tentative locations (subject to final verification in the
field at the time of construction) for the temporary erosion control
facilities will be established during final engineering for the railroad
spur. Also, depending upon actual performance of the temporary facilities,
modifications may also be made in the field.

Wetland soil materials excavated for construction of the railroad spur will
be used as top dressing along the railroad spur embankment or cut side
slopes. For the railroad spur the volume of wetland excavation was
estimated to be 12,700 m3 (16,600 cubic yards).

Section 1.4.2.3 Ventilation and Air Heating

Comment No. 14

How will controlled amounts of clean air be withdrawn for each level?

Response:

Early mine development will be performed with air being supplied from the
surface through ducting to each active heading. In-line fans will be used
to establish the required air volume necessary to remove combustion products
produced by diesel engines and detonation of explosives. Similar methods of
air movement will be used for heading advance after primary ventilation
circuits are operational,

Movement of air down the main and intake air shafts will be accomplished by
operation of the main mine exhaust fans located on the surface at the east
and west exhaust raises. The intake shafts will act as common free
splitting plenums; each level in the mine will receive a predetermined
volume of air necessary to conduct work activities on that level. Mine
level air splits will be achieved with the aid of "regulators” (used on
levels nearer the surface), air doors, and booster fans (required for those
levels farthest from the air flow created by the main mine exhaust fans).
These devices or combination of devices will be located at the primary
exhaust points of each level.

A "regulator” is simply a device which restricts flow and induces the air
along its path of least resistance. In an operating mine a regulator is a
blockage (bulkhead) in an airway with an adjustable opening. The opening is
adjusted as required to accommocdate changes in the required mine air
movement.,
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Alr doors are large doors which physically separate sections of the mine
while allowing passage of large mining equipment via mechanical opening and
closing methods. Generally, air doors are installed in pairs to form an air
lock and to minimize leakage.

Booster fans are used as energy additions to a mine ventilation system.
Generally they are found in locations most distant from the main mine
exhaust fans. These types of fans are much smaller in size than the main
surface units and act in conjunction with them. Location of these units
will generally be the same as for the regulators.:

The use of these devices serves to control and direct air movements on each
mine level. The underground environment is constantly changing with the
relocation of primary work areas. Acceptable air movement conditions will
be achieved through constant attention and monitoring by mine management.

The planned techniques for ventilation control are those in common use
throughout the industry for underground mining. These techniques have been
refined and proven through many years of use by the industry.

Section 1.4.7 Operations Traffic
Comment No. 15

This section estimates a total of 623 vehicles used to transport 782
operations workers on a daily basis, with an occupancy rate of 1.25 persons
per vehicle. In section 1.3.3.4 on construction traffic, only 550 vehicles
are needed to transport over 1,450 construction workers and staff in the
peak year of construction. Please explain why fewer vehicles would be
needed for a greater number of workers during construction than during
operations.

Response:

The Socioeconomic study report entitled, "Forecast of Future Conditions”
provides an early estimate of vehicle traffic for the construction and
operation phases of the Project. Based on an occupancy rate of 1.6 persons
per vehicle and approximately 1,400 employees during the peak comstruction
year, an estimated 875 vehicles would be required to transport these people
to and from the mine/mill site. The number of employee vehicles currently
estimated for the operation phase with 703 employees is approximately 440

(703/1.6).
Section l.5.1 Facilities Removal
Comment No. 16
The EIR states that drifts, raises, and shafts will not be backfilled. Why

shouldn't they be filled with tailings and plugged with concrete or
bentonite to minimize surface subsidence and maximize the amount of waste
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rock returned to the mine? What is the volume of mine drifts, raises and
shafts that would not be backfilled? How does this compare with the volume
of the stopes which will be backfilled?

Response:

During the operational life of the mine and mill, an attempt will be made to
maximize the amount of material returned underground to be used as fill.
However, at the completion of the milling operation the current plan is to
reclaim the tailings that have been deposited in the tailing ponds.
Consideration of several factors have led to this decision.

First, not all of the tailings could be returned underground. Through the
mining and milling process, the density of a cubic meter (1.30 cubic yards)
of rock decreases from 3.32 t/m3 (2.80 short tons per cubic yard) to a
tailings density of 1.73 t/m3 (1.46 short tons per cubic yard). This is
approximately double the volume of space required for disposal of the
tailings compared to the mined ore tonnage.

Second, the amount of tailings that could be readily accessed would be
limited to those contained in the last active pond. The tailings in the
other ponds would have been reclaimed in previous years.

Third, to move the tailings from the disposal ponds to the mine would
require repulping of the tailings. This would be done by mechanical
agitation and/or by the use of water jets. Both of these methods have the
potential to disrupt the liner system.

Finally, there is an additional cost to remove and tramnsport the tailings
from the disposal ponds to the mine. For these reasons tailings in the
final pond will be reclaimed and not backfilled upon completion of mine and
mill operations.

The total volume of excavation underground, including ore and waste rock,
will be approximately 23.3 M m3. Of this volume, approximately 21.3 M
m3 will be backfilled during mine operation, leaving less than 10 percent
of the mine entries open after mine closure.

The question of surface subsidence has been addressed in the response to
comment No. 54 of the DNR's earlier comments on Chapter 1.0 of the EIR (EMC
letter dated October 3, 1983) and again in the response to comment No. 41
of the comments on the Mining Permit Application (EMC letter dated November
11, 1983).

CHAPTER 2

Section 2.4.1.2 Stream Flow Rates

Comment No. 17
There are a number of streams which may be impacted by lowering the
groundwater potentiometric surface. However, the information presented in

the EIR does not indicate the maximum worst-case scenario if mine inflow is
greater than 2,000 gpm. When this information is available, we will be able
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to determine whether additional streams may be impacted. An example of
streams which could be impacted are the five unnamed streams tributary to
the north and east sides of Rolling Stone Lake. Three of these contain
brook trout populations and are Class I trout streams. For these or other
streams within the ultimate groundwater drawdown zone of influence, we may
require water quality, low flows, and biotic data gathering as necessary to
document premining conditionmns.

Response:

We believe that the analysis presented in the EIR of the impacts of the mine
inflow of 0.126 m3/s (2,000 gallons per minute) is an accurate assessment

of the worst-case scenario. We are currently working with the DNR in
securing additional data and performing additional analyses to verify the
maximum extent of potential ground water impacts from mine operation. The
results of this activity should address the concerns stated in this

comment. :

Comment No. 18

For all streams within the area potentially impacted by mine dewatering, low
flows (7-day Qo) must be determined. Please include information on how
stream low flows are determined. Low flow information is required to
adequately assess the potential drawdown impacts on these streams. The
analyses of flow reductions based on average total flow or average base flow
are inadequate.

Response:

Extreme stream low flow estimates (Q7,10) were completed for nine locations
in the Crandon Project environmental study area (Golder Associates, 1982).
All of these locations are within the Swamp Creek and Pickerel Creek
drainage basins and are shown on EIR Figure 2.4-1.

Q7,10: The Q7,10 (7 day - 10 year recurrence) extreme low flow discharge
rate is defined as that average statistical low flow rate over a 7 day
period for which the flow will be less than an average of once in 10 years
(10 year recurrence) (Gebert and Holmstrom, 1977).

Stream Low Flow Periods: Two stream low flow periods occur annually in the
Crandon Project environmental study area. The annual extreme low flow
period occurs during late summer (August through September). The winter low
flow period occurs between late November and early March and is virtually
all base flow. The annual seven consecutive day extreme low flow period may
be determined by comparing the daily variations in stream flow exhibited
during annual low flow periods. Periods with relatively constant flow rates
are controlled by base flow, while periods with variable flow rates show
that relatively constant base flow is augmented with surface runoff.

Inspection of the flow records of the USGS maintained stream gage on Swamp
Creek at STH 55 (August 1977 to 1983) indicated that while the extreme low
flow occurs during late summer, the winter period low flow (late
winter/early spring) is virtually all base flow. This was based on the
daily flow variation in the late summer and the near constant flow during
the late winter. Therefore, the 7 day, 10 year 1low flow estimates were
prepared considering flow during the entire year.

55



Methodology: The annual low flow analysis was performed using the USGS
procedures and equations presented in Holmstrom (1980) which use the longer
stream flow records of surrounding basins. The procedures are considered to
be applicable in Forest and Langlade counties (Golder Associates, 1982).
Equations are presented which allow estimates of the 7 day, 10 year low
flows to be made based on watershed characteristics. Holmstrom (1980)
presented a correlation procedure for both ungaged basins and for basins
with limited stream flow data. Details of this application are presented in
Golder Associates (1982). The attached table presents the results of this
analysis. '

References

Gebert, W. A. and B. K. Holmstrom, Low Flow Characteristics at Gaging
Station on the Wisconsin, Fox and Wolf Rivers, Wisconsin, U. S. Geological
Survey, Water Resources Investigation 77-27, June 1977.

Holmstrom, B. K., Low Flow Characteristics of Streams in the
Menominee—-Oconto-Peshtigo River Basin, Wiscounsin, U.S. Geological Survey,
Open File Report 80-749, August 1980.

Golder Associates, Inc., Geohydrologic Site Characterization, Exxon Minerals
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Section 2.5.2.1 Drainage Lakes and Associated Streams (Aquatic Ecology)
Comment No. 19

Page 2.5-37, - Baetis, in particular, is a very common mayfly in Swamp Creek
that was not identified to species. Because of the numerical importance of
this genus, species identifications should be made. As a general guideline,
species identification should be made on all future Exxon benthos specimens,
when possible, with the exception of biotic index samples which may not
require species identification for tolerance assessment.

Response:

During the 1983 Swamp Creek Aquatic Monitoring Program, Baetis pygmaeus was
identified at Stations 3, 4 and 5 in macroinvertebrate collections to
determine Hilsenhoff's biotic index values. No other mayfly species of this
taxon was identified, which is consistent with NCD-DNR identifications
completed to date (February 1, 1984) in samples from Swamp Creek (personal
communication from R. Young NCD-DNR to H. Lewis, EMC). The final report of
the 1983 Aquatic Monitoring Program will be provided to the DNR within 60
days. .

During the pre-construction aquatic monitoring program, all benthos
identifications of numerically important species will be to the lowest
positive taxonomic level. We acknowledge the comment that biotic index
samples may not require species identifications for tolerance assessment.
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(Table For Response to Comment No. 18)

Statistical Extreme (Q7,10) Low Flow Analysis Results

Estimated Annual
Station or Location ) (Q7,10)

m3/s cfs

Swamp Creek Drainage Basin

Swamp Creek at County Road K (USGS) 0.895 31.55
Swamp Creek at County Road M

Below Rice Lake (USGS) 0.45 16
Swamp Creek at Highway 55 v
Above Rice Lake (USGS) 0.34 12

SG 3 on Swamp Creek below confluence

of Outlet Creek 0.319 11.27
Swamp Creek below confluence with

Hemlock Creek (ungaged) 0.028 1.0
SG 6 on Hemlock Creek below Ground Hemlock Lake 0.008 0.29

Pickerel Creek Drainage Basin

SG 19 on Pickerel Creek into Rolling Stone Lake 0.015 0.53
SG 23 on Creek 12-9 into Rolling Stone Lake 0.016 0.56
SG 22 on Pickerel Creek at East Shore Road 0.097 3.44
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Section 2.5.2.1 Drainage Lakes and Associated Streams (Aquatic Ecology)

Comment No. 20

With regard to Table 2.5-13, the practice of "lumping” or "splitting”
taxonomic groups for data presentation affects our ability to review and
compare data sets. If many taxonomic groups are "lumped” as in Table
2.5-13, it makes DNR's verification of the data cumbersome and time
consuming. Rather than requiring a complete remake of this ard other
similar tables, please send raw data and/or unpublished copies of the
necessary data for review purposes. ‘

Response:

We recognize the inherent problems associated with summary tables and their
limitations for comparison with other data sets. However, to minimize the
number and length of tables used in EIR Section 2.5, it was necessary to
consolidate and summarize the raw data sheets rather than present the
detailed genus and species classification and enumeration data. The raw
data that provided the basis for Table 2.5-13, as well as for other
macroinvertebrate tables presented in Section 2.5, are presented in Appendix
2.5D. The data used in developing Table 2.5-13 are cited on EIR page
2.5-39; these are Appendix 2.5D, Tables D-58 through D-64. Classifications
were completed in all cases to the lowest positive taxonomic category
possible.

Section 3.5.6.1 Water Treatment Systems

Comment No. 21

Compare the expected quality of the sodium sulfate byproduct from the water
treatment process with the commercially available sodium sulfate presently
used in the paper making industry. If the reclaimed sodium sulfate is not
of commercial quality please discuss the alternatives for purifying the
sodium sulfate versus land disposal.

Response:

As a result of a telephone survey conducted in the spring of 1982, there are
two sources of salt cake used by the Kraft mills in Wisconsin --
Saskatchewan Minerals in Chaplin, Saskatchewan, Canada and Green Bay
Packaging in Green Bay, Wisconsin. The salt cake produced by Saskatchewan
Minerals is from natural brines and a typical chemical analysis of this
product is presented in the attached table.

Green Bay Packaging, a pulp and paper mill, is the only reported source of
sodium sulfate within the state of Wisconsin. Green Bay Packaging produces
a byproduct sodium sulfate, which is recovered from sulfide pulp waste
liquor. This byproduct sodium sulfate is known in the trade as Copeland
sulfate and is typically a mixture of sodium sulfate and sodium carbonate.
Green Bay Packaging's Copeland sulfate is reportedly 79.4 percent sodium
sulfate, 20.1 percent sodium carbonate, and 2.9 percent insolubles.
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Salt Cake

CHAPLIN, SASKATCHEWAN, CANADA

TYPICAL ANALYSIS
CHEMICAL ANALYSIS ‘ SCREEN ANALYSIS
% Screen Nurmper ~ Opening Size %
Tyler .S, in iInches Retained
insolubles 40 14 16 0468 1.1
20 20 0328 34
Moisture 0.00 28 30 0232 3.0
35 40 .0165 26
Caso, 08 48 50 0116 31
60 60 .00s8 2.1
MgSO, = 80 80 0070 73
100 100 .0059 82
Na,CO, o 150 140 0041 20.1
NaHCO, 2 200 200 0029 240
NaCl 08
Pan (Thru 200) 25.1
Na,SO, 98.93
Bulk Density 7480 bsJcu. ft.
pH 8385 Whiteness 60

This mforrmation is bekeved 10 De refiadée but is NOt O be construed as a warranty or repre-
sentanon for wiich we assume jegal responsibility. Users shoukd uncertake sufficrent vernti-
Canon and esung 10 derermine the suitabvirty for their own particular purpose of the product
described neremn. NO WARRANTY OF FITNESS FOR A PARTICULAR PURPOSE IS MADE.

Cuaacat 430 Laningten Avenue * New Yerk, NY 10170
Phon 21248720811 Tetaxc TIOS8 13048

(Table for the Response to Comment No. 21)
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The purity of sodium sulfate consumed in the chemical treatment of wood pulp

in a Kraft mill is not well defined. It is normally based more on what is

cheaply available. The expected quality of the sodium sulfate byproduct .
from the Project water treatment process for recycle is expected to be

similar to that produced by Saskatchewan Minerals. Both recovery methods

would use crystallization from sodium sulfate brines.

The processing steps will ensure a high purity, 99+ percent, sodium sulfate.
The proposed post VCE brine treatment system, which includes brine soda ash
softening, sodium sulfate crystallization and a wash centrifugation, has the
inherent flexibility to achieve essentially any level of purity required.

Section 3.5.2 Process Alternatives

Comment No. 22

Due to the environmental hazards associated with the use of cyanide
compounds please discuss the use of alternative reagents in the copper
beneficiation process.

Response:

In the recovery of copper minerals from massive ore, sodium cyanide along
with zinc sulfate and lime is used to control and prevent the activation and
premature flotation of zinc minerals which would otherwise be a contaminant
in the copper—lead bulk product. It also serves to depress the flotation of
pyrite. The sodium cyanide is added to the process as a zinc cyanide
complex [Zn(CN)4;~] which is formed in a mixture of sodium cyanide, zinc
sulfate and lime. Hydrogen cyanide is not involved in the process. Cyanide
is not required in the treatment of the stringer ore.

Researchers have been attempting to develop alternatives to sodium cyanide
as a depressant or as a component of a depressant scheme. No reagent has
been identified as a universal replacement for sodium cyanide. During the
development of the process for treating the Crandon massive ore, many
alternatives to sodium cyanide were investigated, none of which were
sufficiently effective.

Sodium sulfite (NapSO3) and sodium sulfide (NajS) were investigated as
replacements for the sodium cyanide-zinc sulfate mixture. The combination
of sodium cyanide-zinc sulfate allows for higher recovery of copper and lead
while keeping the amounts of pyrite and sphalerite in the copper-lead
rougher scavenger concentrate at a minimum.

The proposed processing flowsheets utilize the lowest practical amounts of
cyanide.

Section 3.5.2 Process Alternatives

Comment No. 23

Briefly discuss the feasibility of heap leaching the tailings to enhance
metal recovery.
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Response:

Heap leaching of finely ground tailings from massive sulfide flotation is
not practiced at any mining operation. Heap leaching of Crandon tailings is
impractical for the following reasons:

1) Low residual metal value and complex mineralogy (e.g., copper, lead and
zinc).

2) Insoluble nature of the copper, lead, and zinc remaining in the
tailing; a strongly oxidizing leaching solution would be required;

3) Low permeability of the tailings which would allow for only very slow
percolation rate of the leaching solution; and

4) Any solution resulting from the oxidative leaching of the tailing would
be high in iron content but low in copper and zinc content; recovery of
copper and zinc from this solution would be impractical, if not
impossible.

Heap leaching is generally done on low-grade overburden removed during the
open-pit mining of porphyry copper ores in the west and southwest regions of
the United States. Some of these overburden materials contain recoverable
amounts of copper as mixed oxides and sulfides and, in some cases, gold.
Since the overburden material consists of blasted rock (i.e., not ground to
a fine size like flotation tailings), it has a permeability suitable for
leaching. The Crandon Project is an entirely different situation and heap
leaching of tailings is not planned.

CHAPTER 3
SECTION 3.5.6.3 Water Treatment Waste Disposal

Comment No. 24

This section states that water treatment wastes could potentially be sold to
Kraft paper mills in Wisconsin, or transported to and disposed of in a
secure landfill site. One of the tailings ponds could be used for the
storage of this waste if a separately bermed area was provided. If this
alternative were chosen, would it require any modifications to the size of
the tailings ponds? How would sodium sulfate be handled and disposed in the
tailings ponds?

Response:

The water treatment process will produce up to 10.2 t/d (11.2 short toms per
day) or 8.5 m3 (300 cubic feet) per day of anhydrous sodium sulfate.
Disposal of this sodium sulfate in a bermed portion of a tailing pond would
require 76,500 m3 (2.7 x 106 cubic feet) for a mine life of 20 years
(assuming the water treatment plant operates for 25 years). This total
volume of sodium sulfate represents only 1 percent of the storage capacity
of the first tailing pond (6.0 x 106 m3) or a fraction of 1 percent of

each of the other three ponds. Thus, the tailing ponds should not require a
modification to their design size to include sodium sulfate disposal. )
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The salt cake for disposal would be removed from the covered storage bunker

at the water treatment plant with a front-end loader and transferred to a

dump truck for transportation to the MWDF. The sodium sulfate would need to .
be covered progressively as it is dumped into the tailing pond. Sodium

sulfate is very water soluble, its disposal in the separate bermed area in

the tailing pond would require a synthetic liner to hydrostatically isolate

it from the water in the tailings and in the underdrain system. (See also

the response to comment No. 21 for marketing of sodium sulfate.)

III. Chapter 4, Comments on Environmental Consequences
Comment No. 25

Introduction

The following comments pertain to Exxon's EIR Chapter 4, Environmental
Consequences. The first group of comments is referenced to the
corresponding EIR section for your convenience. The second group of general
comments has no corresponding section in Chapter 4.

These comments represent our initial review of Chapter 4. We have
incorporated the appropriate concerns identified by local units of
government, the general public, Indian tribes, state and federal agencies
and our Department staff into these comments. As additional comments on the
EIR are received, they will be transmitted to you as appropriate.

We have not provided complete comments on several sections in Chapter 4 of
the EIR, especially those sections on impacts to surface waters and
groundwater. Discussions on these issues between the Department and Exxon
are currently underway to determine additional field data requirements and
further analytical modeling needs. The Department's position on information
needs was detailed in the November 14, 1983 letter to Exxon, hereby
incorporated by reference. The specific data needs and analyses which must
be addressed by Exxon include:

1) a worst—case analysis of the mine inflow rate;

2) the extent of the ultimate groundwater potentiometric surface drawdown
which must be identified by the O-meter contour interval;

3) acceptable low flow (7-day Q;o) data on streams, rather than
average flows, on which to calculate flow changes due to mine
dewatering.

4) quantified impacts to surface water (lake, streams, springs and
wetlands) quality and quantity due to lowering the groundwater
potentiometric surface and from altered surface drainage;

5) impacts to water wells from groundwater potentiometric surface
drawdown;

6) potential impacts to groundwater and surface water quality due to
contaminant movement out of the mine and the mine waste disposal
facility after closure; and
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7 mitigation strategies for potentially impacted water wells,
. groundwater, and surface waters. :

We will continue to work with Exxon toward resolving these issues by
developing a comprehensive hydrogeological program.

Response:

Comment ackhowledged.
Section 4.1.1.2 Ambient Air Quality
éomment ﬁo. 26

Page 4.1-2: The EIR states: "Since the estimated component air emissions
rates for construction and operation sources are essentially equal, the
results of the operation air quality impacts modeling are considered
representative of impacts from construction.” Though construction and
operation emissions may be approximately equal, this does not mean the
impact from these emissions will be equal. The emissions must be emitted in
the same manner, over similar time intervals and from the same areas to have
the same impact. However, during operation approximately 80 tons of
particulate matter will be emitted from the concentrator building at heights
ranging from 25 to 133 feet above the ground. Sixty of those tons will be
emitted at 133 feet with an upward exit velocity of 20.8 m/s. By
comparison, construction particulate emissions will be emitted near the
ground. Since construction emissions will be released at ground level they
will have greater impact closer to the facility than will operation

‘ emissions. Construction phase emissions may have less affect on air quality
off Exxon's property. Please include a discussion of these differences.

Response:

We agree that construction air emissions will be emitted closer to the
ground surface than operations emissions and that they will have less
effect on air quality off our property. Further, construction activities
will be of short duration as compared with emissions produced during the

20 year operations phase. That was one of the major reasons we performed
air quality modeling for the operations activities. In our letter of
January 24, 1984, submitted in response to DNR comments on the air permit
application, revised estimates of Project air emissions were provided for
the construction and operation phases. These estimates indicate a lower
quantity of particulate emissions than what was previously provided. These
revised estimates as well as conditions for the air quality modeling will be
reviewed with the DNR to establish the basis for final air quality
modeling.

Section 4.1.1.2 Ambient Air Quality
Comment No. 27
Tables 4.1-1, 2 and 3: Emissions are not estimated in Tables 4.1-1, 2, 3

for several air contaminant sources described or mentioned in the project
‘ description. Please include estimates for these sources:
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1. Existing gravel access roads (page 1.3-3)

2. Temporary on-site diesel power generators (page 1.3-4)

3. Burning of stumps and brush during site clearing (pages 1.3-2, 1.3-5,
and others)

4., Wind erosion from MWDF stockpiles (p. 1.3-13)

5. Screening and stacking plant to produce MWDF liner and underdrain
materials (p. 1.3-15)

6. Primary crusher and related ore handling facilities during coamstruction
(po 102—9)

7. Ore loading, hauling and dumping (p. 1.4-3)

8. Removal of rock from shaft during underground mine construction
(p. 1.3-7)

Response:
Revised estimates, including all of the above sources, have been provided to
the DNR in our letter of January 24, 1984 in response to comments on the air

permit application. In particular, see responses B2, B3, A3, A4, E4, and Cl
of the January 24, 1984 letter.

Section 4.1.2.2 Landscape

Comment No. 28
More discussion on the landscape changes caused by the MWDF are needed.
Respounse:

The total area disturbed for the MWDF and reclaim ponds will be
approximately 248 ha (6l4 acres). As each tailing pond is developed,
vegetation will be cleared for a distance of approximately 15 m (50 feet)
from the toe of the outer embankments of each pond. No disturbance to the
existing land forms or vegetation will occur outside this zone. When the
grades of the embankments have been established, herbaceous plant species
(grasses and legumes) will be planted to stabilize the soil surface. A
fence will be erected around the perimeter of each pond and a road will be
constructed between the toe of the embankments and the fence.

Detailed drawings of the MWDF and discussion of construction, including
dimensions of the ponds, landscape disturbance and erosion control, are
presented in EIR Chapter 1.0 and the Feasibility Report. The Reclamation
Plan contains further documentation on the physical and vegetation aspects
of reclamation of this facility during the construction phase. An
assessment of the potential visual impacts of the MWDF in relation to the
surrounding undisturbed environment and mitigative measures are presented in
EIR subsection 4.2.9.2.
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CHAPTER 4
Section 4.1.3.1V Groundwater Hydraulics
Comment No. 29
Figure 4.1-2: Percolation rates should be converted to volume measures.
Response:

The percolation rates on EIR Figure 4.1-2, "Project Facilities Schedule and
Hydraulic Data” are only presented in millimeters per year (inches per year)
since the area of each tailing or reclaim pond is different. However, EIR
Table 4.2-5, "Projected Seepage Rate of MWDF," does ptesent seepage rate
data both as percolation rate per unit area and volume, m 3/s (gallons per
minute).

Section 4.1.3.1 Groundwater Hydraulics
Comment No. 30

In the discussion on p. 4.1-8, it should be mentioned that wells in the area
are also discharge points for local groundwater.

Response:

A statement will be added to subsection 4.1.3.1 (p. 4.1-8) of the revised
EIR that wells in the site area are also discharge points for local ground
water.

Section 4.1.3.2 Groundwater Quality
Comment No. 31

The redirection of groundwater flow which would occur during mine dewatering
could result in water quality changes in nearby private water supplies.
These changes could occur if the redirection causes wells to be
down-gradient of contamination sources, such as septic systems or recharge
areas with low pH water which may contain elevated levels of ironm,
manganese, and possibly hydrogen sulfide. In addition, there could be
induced infiltration from groundwater discharge areas due to groundwater
gradient reversal. These potential impacts on groundwater quality must be
discussed in the EIR for both the drawdown of the groundwater potentiometric
surface and its rebound following mine closure.

Response:

Computer simulations of the affected mining operations on the ground water
regime have defined the extent of the cone of depression from mine
dewatering. These simulations are described in Appendix 4.1A. A change in
the direction of the gradient of ground water flow will occur in the
immediate vicinity of the mine. This direction change is not predicted to
affect the quality of private water supplies in this area. Properly
designed septic systems within the affected area will discharge into the
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unsaturated zone which will not experience any flow reversal. Such

discharges should be naturally purified before they reach the saturated

zone. There are no other known sources of contamination such as those .
described, or discharge areas within the affected area, which might cause

the effect hypothesized.

In areas outside the immediate vicinity of the mine, the gradients to
discharge areas are not reversed, and therefore, there will not be induced
infiltration from them. Furthermore, as stated in the EIR, we have
committed to assure a reliable water supply to ground water users whose
supply has been affected as a result of mining operations. The
hydrogeologic system is projected to return to its pre-mining condition
after mine closure.

Section 4.1.4.1.1 Surface Water Quantity -~ Streams
Comment No. 32

Since groundwater has different chemical and physical characteristics than
surface runoff, any change in the proportion of groundwater and surface
water going into a stream will result in changes in stream water quality.
For example, during drought conditions, a loss of groundwater flow to a
stream may increase stream temperatures and cause a possible reduction in
available dissolved oxygen. Reduced groundwater flow into cold water
streams could adversely affect cold water fisheries. Please discuss
potential impacts to streams, especially Swamp Creek, due to the mine
discharge.

Response:

The predicted base stream flow rate reduction to Swamp Creek is
approximately 0.047 m 3/s (1.66 cubic feet per second) along segment BC for
the unmitigated mine inflow case at year 33 of operation (see EIR Table
4.2-7A). This results in approximately a 4 percent reduction in the total
average annual stream flow for the same period (see EIR Table 4.2-9). Water
quality analyses for the Swamp Creek segment BC are shown in Table 2.3-10 of
the EIR. The general quality classification of the stream is a moderately
hard, neutral pH stream with an average dissolved oxygen content of
approximately 9 mg/l. Water quality analyses from piezometers in the
environmental study area indicate that the ground water is hard and has a
neutral pH. Dissolved oxygen was not measured in the ground water samples.
There are no predicted alterations to stream water chemistry from reduced
stream flow as a result of mine dewatering. The percentage of stream flow
reduction is small, and no measurable effects on stream water temperatures
are expected.

We will reassess the mine dewatering impacts to streams following completion
of the hydrogeology field and laboratory program.
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Section 4.1.4.1.1 Surface Water Quantity - Streams

' Comment No. 33

Increased flooding potential on the segment of Swamp Creek below the
wastewater discharge should be discussed in this section.

Response:

The flood potential on Swamp Creek below the wastewater discharge is not
increased as a result of the discharge. An outfall discharge of 0.126
w3/s (2,000 gallons per minute) is less than 4 percent of the peak flood
stream flow. Therefore, the outfall discharge will be less than 4 percent
of peak flood flows on Swamp Creek.

Swamp Creek experiences peak flood flows as a result of thunderstorms and
rain in combination with snowmelt and are most common in spring and early
summer. The extensive lake and wetland areas associated with the Swamp
Creek drainage basin further facilitate the storage of peak flows, thereby
reducing the flood risk.

Flooding potential on the aquatic ecosystems downstream of the outfall is
minor, consisting of a temporary water level increase from Swamp and Squaw
creeks inflows. The hazard to human life and structures is negligible
because the drainage areas are small, water level fluctuations are minor,
and stream bank/wetlands storage is high.

. Section 4.1.4.1.1 Surface Water Quantity - Streams
Comment No. 34

Estimates of impacts on stream water quality due to soil erosion from the
various construction activities must be provided. Activities which could
increase soil erosion include construction of tailings ponds, and reclaim
ponds, slurry pipeline, haul road, mine-mill complex, access road, railroad
spur, discharge pipeline, and topsoil stockpiling. Please provide soil
sediment loading estimates for the impacted streams.

Response:

The Project erosion control plan presented in the Mining Permit Application
will be used during construction and operation to minimize erosion potential
and prevent any discernible increase in silt loading on affected streams and
lakes. Large surface areas such as the mine/mill site will have surface
water runoff patterns to the drainage basins. Other surface areas

(i.e., access road, railroad) will have surface water drainage patterns
through filter fabric (i.e., approximately 99% effective), which will ensure
removal of residual sediment loadings. The areas where these and other
erosion control procedures and facilities will be used are fully described
in Appendix 2.1A of the Reclamation Plan submitted as part of the Mining
Permit Application. Proper design and timely placement of these erosion
control procedures and facilities should prevent any discernible increase in
sediment loading to site area waters.
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Section 4.l.4.1.1 Surface Water Quantity - Streams

Comment No. 35

The treatment system for the water discharge to Swamp Creek may be designed
to meet WPDES permit limits; however, this does not guarantee that the
system will always work as designed and that limits will always be met.
Exxon must discuss potential impacts to Swamp Creek if the treatment system
malfunctions. A reasonable range of possible malfunctions should be
considered, with potential impacts on Swamp Creek flow rates and water
chemistry calculated. ’

Response:

Water treatment system upsets could occur as a result of a number of
conditions involving equipment malfunctions. The "worst-case” upset
condition would be if the entire treatment system is off-line. As a result,
it would not be possible to treat the wastewater. However, during partial
or complete shutdown of the treatment system, water not meeting effluent
limits would be held within the storage capacity of the treatment system
(i.e., the treated water storage tank and the reclaim ponds), and/or the
operating tailing pond. There is sufficient capacity above the normal
operating level in the reclaim ponds alone to hold all anticipated discharge
water for more than 40 days. This is based on using 75 percent of the total
freeboard volume. Additional capacity is available in the operating tailing
pond. Therefore, we do not anticipate upset conditions which would result
in the need to discharge water not meeting WPDES permit limits.

To ensure that water is not discharged which does not meet WPDES limits, an
automated monitoring system will be used to continuously monitor pH,
turbidity and conductivity of the treated effluent and the uncontaminated
mine water. In addition, chemical analyses of samples will be performed
routinely for other critical constituents. The frequency and type of the
chemical analyses and the exact constituents analyzed will be reviewed with
the DNR Industrial Wastewater Section, Bureau of Wastewater Management, in
conjunction with the development of the WPDES permit for this discharge.
This monitoring system combined with sufficient storage capacity for any
short-term upset will ensure that water is not discharged which would impair
the integrity of Swamp Creek.

Subsection 4.1.4.1.1 Surface Water Quantity, Streams
Comment No. 36

Duration of the possible malfunctions should be identified, and a scenario
based on low flow conditions should be calculated.

Response:

This information was previously provided in response to comment No. 169 of
the DNR's Mining Permit Application letter of October 10, 1983.
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Section 4.1.4.1.2 Lakes
Comment No. 37

P4.1-15: The impacts of stormwater runoff on surface water quality during
both the construction and operation phases should be discussed in the EIR.
Siltation could have significant impacts on aquatic habitat and water
quality. Please provide quantitative estimates of siltation into lakes
during construction.

Response:

See response to comment No. 34.
Section 4.1l.4.1.4 Wetlands
Comment No. 38

Figures 4.1-13 through 4.1-19: The hydrologic connections between Wetlands
F-57 and F-60, and F-64 and F-65 should be indicated. Were they
disconnected because of road placement? (There are also roads between F-23
and F-25 and F-17, yet these connections were shown.) Waterflow networks of
all affected wetlands should be shown.

Response:

The hydrological connections between wetlands F57 and F60, and F64 and F65
will be indicated on Figures 4.1-16 through 4.1-19 in the revised EIR.
These connections were inadvertently omitted in the original EIR. Water
flow networks will be shown on Figures 4.1-13 through 4.1-19 for all
wetlands that could be affected during construction of Project facilities.

Section 4.1.4.1.4 Wetlands
Comment No. 39

Figure 4.1-13: The discharge pipeline crosses the drainage outlet of
Wetland Z-20. The possible effects to this wetland and its outlet from the
pipeline construction should be addressed.

Response:

The water discharge pipeline will be aligned to minimize impacts to wetland
Z20. As shown in the attached figure, the pipeline will be routed so that
wetland Z20 is crossed at a narrow point. During construction and
installation of the pipeline, less than 0.03 ha (0.09 acre) of wetland Z20
will be affected. To ensure there are no long—term adverse impacts on the
hydrologic characteristics of this wetland, as well as other wetlands that
may be disturbed during construction of the pipeline, the trench will be
backfilled with free draining granular fill materials and the organic soils
originally removed during excavation. These materials will allow
maintenance of existing surface and subsurface flow conditions through the
wetland and there will be no long-term effects on the hydrology of the
wetland or its outlet.
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Vegetation will be lost in the area disturbed during construction of the
pipeline through wetland Z20. However, vegetation will be reestablished in
the zone of disturbance following the construction period. Until vegetation
becomes established a slight increase in the sediment load may occur in
surface water flowing through the wetland. However, any increase in
sediment load would be of short duration and may not occur because surface
flow through wetland Z20 to wetland Z17 is intermittent. In summary, the
effect of pipeline construction on wetland Z20 will be short-term and
reversible and no long-term effects on the hydrologic and biological
functions are expected.

Section 4.1.4.1.4 Wet lands
Comment No. 40

Figures 4.1-15: The wetlands along the east 1/4 of Alternate C should also
be shaded. The osprey nest location is in error. It is further south - the
correct location has previously been given to Exxon.

Response:

In Figure 4.1-15 of the revised EIR wetlands will be shaded along the east
one—-quarter of Alternative C for the railroad spur. The location of the
osprey nest on Figure 4.1-15 will be designated at the correct site.

Section 4.l.4.1.4 Wetlands
Comment No. 41

Page 4-1-20: Standard construction methods for wetlands will be used...”
What are these standard methods? In order to know what the impacts to
adjacent wetlands will be, these construction activities (e.g., dredging,
diversions, sediment pond construction and discharge, soil disposal, erosion
potential, stockpiling, etc.) must be identified and the potential impacts
to wetland hydrology specified. Even if these impacts are "short term and
localized” (p. 4.1-21) they must be identified.

Response:

The various techniques or methods to be used for minimizing impacts to
surrounding areas from construction in wetlands have been discussed in
Section 1.3 of the EIR (e.g., see subsections 1.3.1.3, 1.3.1.7 and 1.3.1.9).
Also, wetland construction techniques for use during installation of the
water discharge pipeline are discussed in the EMC response to comment

No. 163 in the May 11, 1983 DNR letter. We have not chosen specific
construction methodology on a wetland by wetland basis. The specific
construction methods for use in wetland areas will be determined during
final engineering and these may be subject to field modification as
differing conditions require.

For the MWDF, control of the surface water runoff in each area of
construction has been planned on a phase-by-phase basis to minimize wetland
impacts (see EIR Figures 1.3.3 through 1.3.8). Some method of siltation
control (sediment pond, straw bale, or filter fabric trap) has been included

71



for each surface drainage area. In the MWDF, all of the wetlands are
perched above the main ground water aquifer, and most are connected through
surface water drainage. As the MWDF is developed, wetland soil material
removal will normally begin at the most up-gradient wetland or portiomn of a
wetland and proceed down-gradient through the wetland's watershed. This
construction sequence will keep surface water runoff through newly graded
areas to a minimum thereby reducing the potential for siltation.

No wetlands are located within the limits of the mine/mill site. However,
to eliminate the potential for siltation to nearby wetlands and lakes by
surface water runoff from the mine/mill site, all mine/mill site drainage
will be controlled by drainage basins. The drainage basins planned as part
of the permanent mine/mill site facilities will be constructed early in the
development sequence to provide the primary means of protection from
siltation.

The remainder of the erosion control facilities are located within corridors
for the access road, railroad spur, haul road/tailings transport system, and
water discharge line. For the corridors, entire wetlands are not removed.
Generally, the corridor crosses the wetland and a culvert or other means of
maintaining wetland water drainage through the corridor is provided. The
wetland soil materials are removed and replaced with select materials in the
area of the corridor. The initial procedure will be to provide a temporary
diversion ditch or channel to allow the wetland water flow to continue while
the wetland soil is being removed and the culvert installed. The temporary
erosion control measures (e.g., straw bales, filter fabric silt traps,
siltation ponds) will be employed on a wetland-by-wetland basis as
necessary. The detailed design and location for these temporary control
measures will be developed during final engineering for the various
corridors. However, these types of temporary control measures will also be
subject to final adjustment in the field to accommodate actual conditions.

Construction within the water discharge corridor is slightly different than
in the other corridors because no roadways or embankments are included and
once the pipe is installed, drainage across or along the route will be
allowed to return to initial conditions. The EMC response to comment

No. 163 in the DNR's May 11, 1983 comment letter provides additional detail
on wetland construction techniques for this pipeline system.

Section 4.1.4.1.4 Wetlands
Comment No. 42

Tables 4.1-16 and 4.1-17: Wetland #F-23 is incorrectly numbered. In the
Normandeau Study, the correct number of the wetland is F-32.

Response:

Comment acknowledged and wetland F32 northeast of Duck Lake will be
correctly numbered on Figures 4.1-16 and 4.1-17 in the revised EIR.
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Section 4.1.4.1.4 Wetlands

Comment No. 43

Throughout the life of this project, erosion control “"catch basins™ will be
constructed to trap soil particles and slowly release storm waters. Will
the discharge be to wetlands adjacent to local surface water bodies? The
discharges could result in physical and chemical changes within the
wetlands. There needs to be further discussion on the impacts of siltation
and runoff water quantity and quality on adjacent wetlands and surface
waters.

Response:

As described in the response to comment No. 9, two surface drainage basins
will be maintained and operated in the mine/mill site throughout the
construction and operational life of the Project to collect, retain and
release uncontaminated surface waters. Detailed characteristics of these
basins are given in the figures included with the response to comment No. 9.
Water from drainage basin No. 1 will be indirectly discharged to wetland
Fll, a coniferous swamp located between Skunk Lake and Little Sand Lake.
Surface water from wetland Fll flows into wetland F10, also a coniferous
swamp, associated with Little Sand Lake. Water that is discharged from
surface drainage basin No. 2 will enter wetland P2, a coniferous swamp, and
then flow northward to Swamp Creek.

Uncontaminated water from the mine/mill site will be collected and
discharged from these drainage basins. Separate basins and tramsport
facilities are provided in the mine/mill site to collect and transfer for
treatment any surface waters that have potential to be contaminated from
mining operations (e.g., surface drainage basin No. 3 will collect water
from the preproduction ore storage area and from there it will be pumped to
the water treatment facility).

Under average meteorological conditions, the quantity of water to be
discharged from drainage basins No. 1 and 2 is estimated to be low if any.
The basins are designed to contain a 25-year, 24-hour storm event using a
runoff coefficient of 0.75. Only during prolonged periods of rainfall or
unusual storm events would a major amount of water be discharged from these
basins. During most months of the year, water collected in the basins will
be retained and will either evaporate or seep from the basins.

During the 4-year construction phase of the mine/mill facilities when
disturbed areas have not been completely stabilized with vegetationm,
suspended solids levels will be higher in surface water collected in the
basins than during the operational phase when the disturbed areas have been
stabilized and landscaped. Water discharged from the basins during the
construction period may contain an elevated suspended solids level; however,
the ponds are designed so that most suspended particles will settle prior to
discharge. Only minor increases in sedimentation are expected during the
construction period in the wetlands receiving discharge water, and no
long-term adverse effects on the functions of these wetlands are projected.
One of the major functions of wetlands is the removal of suspended sediment
from water moving through them. A decrease in water velocity and the
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presence of vegetation in these wetlands will promote settling of suspended

particles; therefore, no increase in suspended solids concentrations 1is

expected in the surface water bodies (Little Sand Lake and Swamp Creek) '
ultimately receiving discharge from wetlands W10 and P2.

Other water quality characteristics of water collected from the mine/mill
site and discharged via the drainage basins should be similar to existing
surface water runoff in the site area. Therefore, no adverse effect on
water quality in the wetlands receiving discharge water is projected to
occur.

Section 4.1.5.2 Aquatic Biota
Comment No. 44

Table 4.1-14: 1Is the fish "brook silverside” correct or was "brook
stickleback” intended? Are the capture locations known and voucher
specimens available for verification?

Response:

The fish listed as brook silverside in Table 4.1-14 is incorrect and should
be brook stickleback. Table 4.1-14 will be corrected in the revised EIR.
The sensitivity of brook stickleback to turbidity and sedimentation is
"intermediate” and will be presented accordingly in revised Table 4.1-14.

Section 4.1.6.1.2 Wetland Communities

Comment No. 45

Page 4.1-33: Pipeline placements do not necessarily “remove” acreage from
wetlands (such as Z-20) if the buried pipeline does not involve wetland
fill, and the corridor is allowed to revegetate as proposed.

Response:

Comment acknowledged. None of the wetland areas crossed during construction
of the water discharge pipeline will be permanently removed. No wetlands
will be filled and wetland as well as upland areas will be allowed to
revegetate after construction activities have been completed. Subsection
4,1.6.1.2 will be revised to indicate that no removal of wetland acreage
will occur during construction of the water discharge pipeline.

Section 4.1.6.1.2 Wetland Communities

Comment No. 46
Table 4.1-19: A 200 foot corridor width was used by Exxon to calculate
wetland loss; figures should be revised using a width of 100 feet.

Transmission lines and pipelines, for example, while constructed through
wetlands, would not result in complete loss of those wetlands.
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. Response:

In the revised EIR, calculations of potential wetland impacts during
construction will be revised based on a corridor width of 30 m (100 feet)
for the access road/transmission line and 40 m (131 feet) for the haul
road/tailings pipeline. The projected wetland losses presented in EIR Table
4.1-19 are based on a worst-case analysis using a corridor width of 60 m
(200 feet) for both of these facilities. The analysis of potential wetland
impacts associated with the water discharge pipeline will not change and
will be based on a corridor width of 15 m (50 feet) even though the actual
disturbed area in most segments of the corridor will be considerably less
than this width. We acknowledge the fact that during construction a
complete loss of wetlands will not occur in the corridors designated for
transmission lines and pipelines.

Section 4.1.9.1.4 Residential
Comment No. 47

Exxon should indicate the number of summer cottages purchased (Little Sand
Lake and others, if any) and discuss their eventual use.

Response:

Exxon Minerals Company currently owns 22 homes in the area of Little Sand
Lake. These homes are in varying stages of construction and completeness,
with approximately twelve being available for use on a year-round basis if

. properly renovated. Eventually, those homes which can be converted to
year-round use will be available to the local housing stock on a lease
basis. The remaining homes could possibly be utilized on a seasonal basis
if justified by demand.

Section 4.2.1.1 Local Meteorology and Air Quality
4.,2.1.1 Local Meteorology
Comment No. 48:

The EIR states: "Under some conditions the mine exhaust ventilation shafts
will cause water vapor plumes.” Additional information is needed on when
water vapor plumes will be formed, their frequency, magnitude, and likely
consequences.

Response:

The air physics experienced in mine exhaust .shafts are similar to those for
an ideal gas, as presented by the equation PV = nRT; where P = pressure,
V = volume, n = weight of air in pounds (1lbs), R = universal gas constant
(i.e., 53.3), and T = temperature. In this equation the decrease in
pressure and the increase in volume cause a decrease in temperature (i.e.,
2°F per 1,000 ft rise); therefore, supersaturation occurs and water droplets
form. These droplets begin to fall as they combine with other droplets.
Some of the condensed moisture contacts the shaft walls as it falls and some
. is deposited at the shaft bottom or re-evaporated and distributed with the
air as it rises in the exhaust shaft.

75



«

In the mine exhaust shafts only the smallest droplets remain in the air

stream and eventually are discharged from the shaft. Once outside the

shafts, the contained moisture will condense further (i.e., cold conditions) .
and deposit rapidly or evaporate (i.e., warm conditions). In general, these

water vapor plumes will be visible when the atmospheric air temperature is

at or below dew point temperature. This will mainly occur between late

autumn and early spring. Water vapor plumes will be most prevalent in

magnitude and frequency during the winter. There are no consequences except
visibility of the water vapor plumes.

Comment No. 49:

Page 4.2-2 (Second paragraph): The EIR states that air quality constituent
concentrations are expected to be below primary and secondary federal and
state ambient air quality standards at the project boundary. However, the
EIR does not identify the contribution to emissions by the handling,
storage, and use of processing reagents. Please include such a discussion.

Response:

Current engineering design indicates no emissions from handling, storage and
use of processing reagents will be vented to the atmosphere. As a result,
they will not be an added source for atmospheric contributions and air
quality constituent concentrations are expected to remain below primary and
secondary federal and state ambient air quality standards. See also
response to comment No. D6 of the air permit application letter submitted to
the DNR on January 24, 1984.

Comment No. 50:

Table 4.1-1: Please revise or explain the total emission figures because
they are not equal to the sum of the components.

Response:

Table 4.1-1 of the EIR presents the estimated air emissions per unit
activity and for the annual usage. Many of the activities only occur
periodically during the year and the annual estimate is not simply a
summation of a daily estimate. For example, the daily estimate for blasting
in Table 4.1-1 is 141.1 kg/d (311.1 pounds per day). However, these blasts
do not occur every day. Therefore, the daily estimate cannot simply be
multiplied by 365 to obtain the annual rate. Consequently, the total
emission figures will not be equal to the sum of the components.

Revised estimates of emissions have been provided to the DNR in the air
permit letter of January 24, 1984. Table 4.1-1 will also be revised in the
EIR to be consistent with these estimates.

Comment No. 51:

Table 4.2-2: This table should include air emissions from the burnt pebble
lime facility (p. 1.4-45).

Response:

There are no atmospheric air emissions from the lime facility.
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Comment No. 523

Table 4.2-4: This table should include SO, emissions from the SOp
scrubber tower (Fig. 1.4-13).

Response:
Current engineering design has eliminated the S0y scrubber tower.
Section 4.2.1.1. Local Meteorology

Comment No. 53

Page 4.2-3 (Second paragraph): The EIR indicates that the control of 95% of
dust emissions in the mine by gravity settling and the humid conditions has
been documented. The reference should be provided.

Response:

The documented control efficiency addressed in the EIR is presented in
AP-42, Appendix A, Table A-2 for a spray tower which has an overall control
efficiency of approximately 95 percent. A complete discussion of the air
physics present in the exhaust shafts resulting from humid mine conditions
is presented in our letter of January 24, 1984 in response to DNR comments
on our air permit application (see response to comment No. Cl). In
addition, a revised estimate of mine air emissions is presented in the
response to comment No. Cl in which detailed calculations were performed for
each mine TSP emission source and the path of air movement through the mine.
Gravity settling conditions and calculations for revised TSP emissions were
also included in the January 24, 1984 letter.

Section 4.2.3.2 Groundwater Quality
Comment No. 54

The data presented does not indicate whether the concentration gradients
from the tailings ponds decrease in the future. The implication is that the
concentration gradients will increase continuously such that concentration
gradients at the top of the stratified drift and perhaps at the compliance
boundary may exceed groundwater standards. There should be some explanation
that the MWDF seepage quantity or quality will correct itself in the

future.

Response:

The projected composition of the leachate in the tailing ponds underdrain
system before seepage through the bentonite modified soil liner is presented
in EIR Table 4.2-6, "Projected MWDF Tailings Pond Seepage Chemistry.” The
quality of this leachate improves after reclamation as depicted in this same
table. The volume of the seepage per pond is presented in EIR Table 4.2-5,
"Projected Seepage Rate of MWDF," and it also varies slightly with time.

This water quality and quantity information was used to calculate the
normalized concentration (initial concentration = 1.0) of chemical
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constituents at the top of the water table, 15 m (49 feet) below the bottom
of the pond in the glacial till. For those few chemical constituents
assumed not to be totally chemically attenuated by the 15 m (49 feet) of
partially-saturated till, such as sulfate and TDS, their concentration at
the top of the water table immediately beneath the MWDF eventually ({i.e.,
200+ years) attains initial seepage concentrations (see EIR Figures 4.2-5,
"Normalized Concentration at Different Depths for Various Times in
Partially-Saturated Till,"” and A33, "Normalized Concentration at Top of
Water Table for Various Times in Partially-Saturated Till)."

For the normalized concentrations of those chemical constitutents assumed as
not totally chemically attenuated to attain initial seepage concentrations
at the top of the stratified drift, typically an additional 20 m (66 feet)
of saturated till, requires approximately 1,000 years assuming the seepage
water quality remains unchanged. Therefore, the water quality directly
beneath the MWDF at that time, 1,000+ years, would meet present federal and
state drinking water standards, except for sulfate and TDS. The ground
water quality at the compliance boundary will also meet drinking water
standards for sulfate and TDS even if the initial seepage water quality and
quantity continue indefinitely, which they will not. The modeling results
to support this statement are presented in Attachment A.6, "Long-Term Ground
Water Quality Analysis Adjacent to MWDF," Appendix 4.1A, EIR Volume VIII.

Section 4.2.4 Surface Water

Comment No. 55
Table 4.2-7A: The discrepancy between the reported difference in flow cfs
for Rolling Stone Lake and lower portion of Pickerel Creek for Project
Year 33 (reported as -0.04) versus the same value reported in Table 4.1-7
(reported as -0.35 cfs) should be explained.

Response:
The value shown for the Project Year 33 difference in the Pickerel Creek
flow rate should be =0.04 cfs in Table 4.1-7. The value of =0.35 cfs shown
is a typographical error and will be corrected in the revised EIR.

Section 4.2.4 Surface Water

Comment No. 56

Page 4.2-13 (Last Paragraph): Effects on the portion of Pickerel Creek
above Rolling Stone Lake should also be summarized in this section.

Response:

The description of the effects of mine operations on Pickerel Creek
summarized in the last paragraph on page 4.2-13 is for the entire length of
Pickerel Creek, including the segment above Rolling Stone Lake. This
segment is shown as DEF on Tables 4.2-7A, -7B, -8, and -9. The segment
above Rolling Stone Lake is segment DE on these same tables and the segment
below Rolling Stone Lake is EF.
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Section 4.2.4.2 Surface Water Quality
Comment No. 57

Sources other than seepage from the MWDF must be considered in evaluating
impacts to surface water quality. Additional factors include chemical and
physical changes in Swamp Creek due to the wastewater inputs, reduced flows,
altered temperatures in streams, and increased siltation.

Response:

The exact chemical and physical changes in Swamp Creek resulting from
discharge of excess water will vary with stream flow, and discharge water
characteristics. However, the water quality limits which will be imposed on
the discharge by the DNR Bureau of Wastewater Management through the WPDES
permit will ensure protection of existing stream uses. The limits imposed
will be based on water quality standards being developed by the DNR to
provide for the protection and propagation of fish and aquatic life.
Therefore, the existing stream uses will not be changed or impaired by the
proposed discharge.

For example, the effect on water quality will be primarily an increase in
total dissolved solids (TDS). However, this is not expected to result in
any predictable change in the aquatic ecosystem. The greatest increase in
TDS is expected to occur during low stream flow conditions. Average TDS in
Swamp Creek as measured during the 1982-1983 aquatic monitoring period* is
128 mg/1.

Under conservative assumptions of discharge flow rate and quality combined
with low stream flow conditions the concentration of TDS in Swamp Creek at
the discharge site would be approximately 330 mg/l which can be tolerated by
the existing aquatic life.

Changes, if any, in Swamp Creek flow from ground water drawdown will be
minor. As shown in EIR Appendix 4.lA, Table A-20, the projected percent
reduction of Swamp Creek flow above Rice Lake is less than 3 percent,
assuming a conservative mine inflow of 0.13 m 3/s (2,000 gallons per
minute). This small stream flow reduction is well within the normal
fluctuations in stream flow and should have no impact on aquatic life.

Upstream of the proposed water discharge site the stream flow rate varied
during the 1982-1983 monitoring period from 15 to 120 cfs with an average 47
cfs (USGS gaging station at County Trunk Highway M). The proposed discharge

of 0.13 m3/s (2,000 gallons per minute) represents less than a 10 percent
increase in the average flow rate which is within the range of normal stream
flow rate variations and would not result in any detrimental physical effect
on the stream environment.

The Project will be adding little if any heat load to the mine water or
uncontaminated ground water which represents the only water proposed for
normal discharge. This should result in a relatively uniform discharge
temperature assumed to be approximately 9°C which will result in slightly

*Ecological Analysts final report, "Water and Sediment Chemistry and
Hydrology in Swamp Creek for the Crandon Project, " July 1983.
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cooler stream temperatures during warmer months and warmer temperatures
during the cooler months. The existing annual temperature range at the
proposed discharge site is 0°-23.5°C. The proposed discharge temperature is
near the mean of this range and should not result in any changes to aquatic
life.

The proposed discharge will not cause a buildup of silt in Swamp Creek. The
discharge water will be clarified and filtered as needed to remove suspended
solids. The maximum effluent concentration is expected to be less than

30 mg/l and the average less than 20 mg/l total suspended solids. In actual
operation, the TSS of the discharge should be comparable to pre-operational

stream conditions.

Section 4.3.1 Meteorology and Air Quality
Comment No. 58:

The EIR should discuss fugitive dust and vehicle emissions which will occur
during site decommissioning (removal of facilities), landscaping and other
reclamation activities.

Response:

Estimates of the air emissions resulting from site decommissioning have been
provided to the DNR in the air permit application letter of January 24, 1984
(see response to comment No. 17). The EIR will be revised to include this
information.

Section 4.3.3 Ground Water
Comment No. 59

The EIR states that when the groundwater potentiometric surface has returned
to its preconstruction level, the effects due to lowering the potentiometric
surface on local users of groundwater will no longer exist. This statement
discounts the potential impacts due to: 1) the possibility of dewatered
aquifer subsidence; 2) the potential chemical (e.g. oxidation-reduction
potentials) and physical (e.g. permeability) alteration of aquifer materials
caused by the dewatering operations (28 yrs.) and time required for ground-
water potentiometric surface to return to normal (total of 64 years);

3) altered bedrock-overburden flow gradients due to the abandoned under-
ground mine; and 4) the altered surface recharge because of the mine waste
disposal facility. Exxon must consider these four factors in their
groundwater analysis for the period after closure.

Response:

1) Aquifer subsidence -— The glacial soil materials that form the overburden
including the aquifer have been preconsolidated by the pressure and movement
associated with the glaciers' occurrence. Because of this precomnsolidation
the soil materials should not undergo further compression and consolidation.
Therefore, removal of water from them should not result in any measurable
subsidence of the land surface.
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2) Physical and chemical reactions =- The exposure of the glacial aquifer
soil materials to partially unsaturated conditions during mine operations
will be relatively short. The dewatering during operations will expose the
aquifer soil materials to partially unsaturated conditions for about 28
years; however, the water level in the aquifer is predicted to return to
about 90 percent of its original level in approximately 3 years. Reduction
and oxidation processes in geologic materials generally require hundreds or
thousands of years to occur to the point of measurability.

3) Altered bedrock-overburden flow gradients --— After closure of the mine
it is projected that the ground water flow regime will return to its
premining condition. The premining bedrock-overburden flow regime does not
exhibit strong gradients within the mine area and mining operations are not
expected to alter the overburden-bedrock interface. Therefore, it is
reasonable to assume that once the mine is closed and the mine has
resaturated that the premining flow regime will be re-established.

4) Altered recharge distribution in the MWDF -- Placement of a relatively
impermeable reclamation cover over the tailing ponds will have the effect of
reducing surface water recharge to the ground water under the ponds. There
will be some water recharge from pond seepage, but the amount will be far
less than the average annual precipitation recharge. Precipitation falling
on the reclamation cover will be subject to evapotranspirationm, surface
drainage, and drainage layer runoff. This surface drainage and runoff will
be reintroduced into the hydrologic regime at the perimeter of the tailing
ponds where it will evaporate, be transpired and/or infiltrate into the
subsoil to recharge the ground water. This infiltration process will occur
as the water spreads over the ground and will result in a higher than
ambient ground water recharge in the area around the ponds. This higher
recharge value has been calculated and included in the hydrologic impact
modeling results presented in Appendix 4.lA of the EIR.

Section 4.4.1.7 Groundwater Discharge
Comment No. 60

Groundwater Discharge — The discussion of the three alternative locations
for groundwater discharge of excess treated water must be expanded to
include potential impacts to groundwater quality and hydrology.

Response:

As stated in EIR subsection 4.4.1.7, four sites were evaluated as potential
locations for seepage lagoons (i.e., discharge of excess water to ground
water). Of these four sites only two had subsoil materials with
permeabilities high enough to be practical locations for seepage lagoon
construction. During the operational period of these lagoons, the glacial
soil material beneath them would become saturated and a ground water mound
would form. In Area 3 (see EIR Figure 4.4-3) a ground water recharge mound
would tend to mitigate the effect of mine dewatering on the hydrogeologic
regime. A lagoon in Area 2 would alter the configuration of the ground
water potentiometric surface below and immediately surrounding the pond, but
would not have any detrimental effect on the hydrogeologic regime. In all
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cases the.water in the lagoons for infiltration would be of the quality
required to meet appropriate discharge permit standards and would also have
to meet ground water quality standards at the compliance boundary.

Section 4.4.2.3 Tailings Disposal Methods

Comment No. 61
The EIR does not identify the major potential impacts associated with
alternative subaerial and dry tailings disposal methods. Potential impacts
could occur during construction, operations and reclamation. Please provide
a discussion of the major potential impacts to air quality, groundwater
quality, surface waters and wetlands that the alternatives could create.

Response:

Subaerial Disposal Method

Potential impacts which could occur during the comstruction, operation and
reclamation phases of the Project as a result of tailings disposal by the
subaerial method are generally similar but on a somewhat reduced scale to
those associated with the proposed wet method. Although most of these
reduced activities would indicate fewer environmental effects, application
of the subaerial technology has been limited in a climatic region such as
northeastern Wisconsin. Because of that, there is a much higher
uncertainty associated with the performance of this system.

The major features of the subaerial method are primarily related to water
removal from the tailings. Similar features will be incorporated in the
proposed subaqueous (wet) method to the extent that they are possible. The
underdrain is the main feature in this respect.

One of the most significant differences between the subaerial method and the
proposed wet system is the method of deposition of the tailings. In the
subaerial method, the tailings are deposited in thin layers (4 inches) and
are allowed to partially dry before another layer is deposited. Partial
drying causes the formation of a dense layer of tailings. In this maunner,
an overall higher density of tailings may be achieved.

The operation of this process requires that two deposition areas be
available at any one time for the alternating flooding and drying process.
This requires that the entire subaerial facility be comstructed and operated
for most of the mine life. The impacts of this method relative to the
proposed wet method are expected to be as follows:

1) Wetlands

Overall, wetlands impacts are expected to be about the same. Although

the proposed facility has a bigger size (202 ha [499 acres]), its

development is phased, allowing material stockpiles and comstruction

work areas to be located within the confines of the facility. While

the subaerial facility is smaller (150 ha [276 acres]), it must be

operated in a fully developed or completed configuration, meaning

reclamation material stockpiles, borrow areas, work areas and other .
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2)

3)

4)

construction support areas must be located outside the confines of the
subaerial facility. When these factors are taken into account, the
total area impacted (either by the facility or to support its
construction) is approximately the same (220 ha [543 acres]). However,
the impacts at any one time for the subaerial facility will be slightly
higher because the phased nature of the proposed system will require
only approximately 40 ha (100 acres) to be in operation at any one
time.

Surface Water

Potential surface water impacts from development of the subaerial
disposal system should be similar to those associated with the proposed
wet system. Erosion control measures, similar to those described in
EIR subsection l.3.1.7 for the proposed wet system, also would be
applied for the subaerial method. These erosion control measures would
control surface water runoff from the active construction and operation
area and would ensure that surface water quality outside the confines
of the facility would not be adversely affected.

When reclamation is complete, the subaerial disposal facility should
have a reduced effect to surrounding surface waters because of its
projected smaller overall size in contrast to the proposed wet
facility. The reclamation system for the proposed facility, including
the seal and the surface water management work in the 366-m (1200-foot)
perimeter area, will minimize the potential for impacts to surface
water bodies. However, because it does encompass a larger area than
the subaerial facility, there would be a greater potential for impacts
since the reclamation seal and work in the 366-m (1200-foot) zone would
be comparable for either facility.

Ground Water

Overall, the impacts to ground water should be lower for the subaerial
method due to the lesser area involved. However, during the operating
life they may be equal or higher because of the greater active area
involved with the subaerial system. (The unit seepage rate - gpm/ft2
for the two systems should be the same because the liner/underdrain
systems are the same).

Air Quality - Construction/Reclamation

Emissions will be generated from the excavation and deployment of soil
materials and the associated construction equipment activity at the
MWDF. Potential impacts associated with the subaerial method are
expected to be less than the proposed wet system because of the lesser
earthwork associated with MWDF counstruction and the shorter time and
fewer pieces of equipment required to develop the facility. The
proposed facility has an estimated total excavation of approximately
13 M m3 (17 million cubic yards), while the subaerial facility is
estimated at approximately 5 M m3 (6.6 million cubic yards).
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5) Air Quality - Operation

Because of the need to alternmately flood and partially dry the .
subaerial deposit, wind blown air emissions may be higher with the

subaerial system. The exact amount will depend upon the nature of the

deposited tailings, the area exposed, the efficiency of dust control

measures, and the wind velocity and direction. In any event, the area

of exposed tailings will be greater for the subaerial system because of

the phased reclamation of the proposed system.

Because of the similarities in design between the two systems (i.e.,
underdrain), the proposed system may achieve higher than projected
densities. In that case, the ultimate facility size may be reduced.
Conversely, if the subaerial facility did not fully achieve the tailings
density increases and other expected benefits, then its final stage of
development would be increased in size. As a result, the expected
differences between the environmental impacts associated with the two
systems could be much less than indicated above.

The greatest drawback to the subaerial system is uncertainty about its
ability to perform in northern Wisconsin where precipitation exceeds
evaporation and long periods of below-freezing temperatures are experienced.
Additional operating experience is necessary to confirm the projected
performance of this system which is now based on laboratory and engineering
studies.

Dry Disposal Alternatives

The differences in concept between the dry disposal alternmatives (cut and
cover and landfill) and the proposed wet method are much greater. The
technology to dewater the tailings is the most questionable element of the
dry disposal concept. The cost and performance unknowns for such a critical
element as the dewatering step preclude a commitment to the dry disposal
method at this time. In addition, the physical properties of the dewatered
tailings are not sufficiently well known to assure that either of the
conceptual designs (cut and cover or the landfill system) will work.

Knowing this, it is possible to comment on the potential impacts as
follows:

1) Cut and Cover Method

It is estimated that the cut and cover method would require a total
excavation of approximately 16 M n3 (21.0 million cubic yards). This
is approximately 3 M m3 (3.9 million cubic yards) greater than the
proposed wet method. Earth moving equipment usage would be much less,
consisting of a dragline and a dozer for grading the covered tailings.
This equipment would, however, operate continuously throughout the 1life
of the mine as compared with the periodic pond construction of the
proposed wet method. Reclamation for the cut and cover system would be
ongoing and would finally be completed in a much shorter time.
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2)

A comparison of the potential impacts is as follows:
a) Wetlands

Overall, the wetlands impacts are expected to be equivalent or
somewhat greater due to the aerial extent of the cut and cover
operation compared to the proposed wet method area requirement of
approximately 202 ha (499 acres). However, if the angle of the
repose of the filtered tailings is less than that predicted in the
analysis, the cut and cover operation could require more land
area.

b) Surface Water

If the cut and cover alternative worked as proposed, there would
be little change in existing surface water quality. Infiltration
and ground water recharge, which presently occur throughout the
area, would continue during operation and reclamation of the
facility through the windows between the disposal trenches. The
relatively low surface runoff now occurring in the area could be
accomplished with the final detailed reclamation grading plans.
There would be flexibility in the layout and grading of the trench
and tailings cover layer to achieve a desired balance of runoff
versus infiltration.

c) Ground Water

In the cut and cover method, ground water protection depends upon
the impermeability of the tailings mass and the angle of repose to
prevent infiltration of precipitation through the tailings. The
method of construction does not permit the installation of a liner
or a top cover. Our most recent studies have indicated that the
top cover is most important in the prevention of infiltration.
Ground water impacts will probably be greater without the positive
control afforded by the liner and top cover systems.

d) Air Quality

Emissions generated from the deployment of soil materials and the
associated construction activities are expected to be greater, but
less intense than the proposed wet method, due to the large amount
of earth work performed continuously over the life of the mine.
Windblown emissions from the tailings themselves are expected to
be less due to the short time before reclamation.

Landfill Method

In the landfill method, a total excavation of approximately 8 M m3
(10.5 million cubic yards) is required. This is substantially less
than the 13 M m3 (17.0 million cubic yards) required by the proposed
system. As in the cut and cover method, equipment usage is continuous
throughout the life of the mine but at a lower level of utilization
than the proposed wet method. Reclamation would also be ongoing and
would be completed sooner than the proposed method.

85



A major uncertainty associated with the landfill method, "in addition to

the dewatering process, is the physical characteristics of the ‘
dewatered tailings. For this method to be successful, the tailings

must be workable by means of earth moving equipment. The filtered

tailings should be able to withstand equipment bearing pressures, be

not excessively plastic, nor sticky and difficult to move. It will be

necessary to work the tailings during periods of heavy rain, snow and

freezing temperatures. This lack of confidence in a knowledge of the
workability of the dewatered tailings is a serious impediment to the

application of this method. .

As in the case of the cut and cover method, it is possible to discuss
the potential impacts of this method as follows:

a) Wetlands

Overall, the wetlands impacts are expected to be equivalent or
somewhat less than the proposed system due to the lesser amount of
earth work estimated to be required. This, of course, depends
greatly on the strength and flow properties of the filtered
tailings. If the tailings are strong and non-plastic, then they
can be stacked higher and thus occupy less area. The reverse 1is,
of course, also true. If the tailings are weak and plastic, then
the land requirements will be substantially greater.

b) Surface Water

A reclamation seal would be employed for the landfill method which
would have the same "umbrella effect” as for the proposed wet
facility or the subaerial facility. The ultimate size of the
facility would depend upon the success of the tailings dewatering
and handling steps. Assuming favorable results, the landfill dry
disposal facility would be smaller than the proposed facility and
the potential for surface water impacts would be reduced.

c) Ground Water

The landfill method lends itself to the installation of both a
liner/underdrain system and a top cover/overdrain system. These
systems, in combination with the reduced area requirements,
theoretically provide the maximum ground water protection. Thus,
ground water impacts with a successful landfill-type dry disposal
system should be the least.

d) Air Quality

Total air emissions from the landfill method are also expected to
be less than that from the proposed wet method. This conclusion
results from the lesser amount of earth work estimated to be
required and the rapid reclamation of exposed tailings.

The landfill-type dry disposal method has a number of conceptual
advantages that make it appear to be environmentally highly desirable.
When equipped with liner and top seal systems, it offers theoretically
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the maximum ground water protection. However, it has the most risk of
all of the methods that we have studied. The costs and the
effectiveness of the technology related to the filtering of the
tailings are highly uncertain. Likewise, the strength and flow
properties of the dewatered tailings remain largely unknown. When
taking into consideration the climatic conditions under which the
system must successfully operate, and the potential for liquefaction
and flow of the tailings under load, the possibility of environmental
impacts is many times greater than those that might be attributed to
the proposed wet method. It is the potential severity of environmental
impact and the uncertainty associated with the successful operation of
the dry disposal system that rules out its application.

Section 4.4.2.6 Surface Water Discharge
Comment No. 62

The data from the pump test discharge to Duck Lake indicate more impacts
(such as elevated alkalinity and pH, etc.) could occur than indicated.
Exxon's own data on Duck Lake raises question on this analysis "...the only
incremental impacts associated with lake discharge would be a possible
increase in the lake water surface elevation or discharge flow out of the
lake.” Although Little Sand Lake's volume is greater than Duck Lake's, the
temporary nature of the Duck Lake pump test discharge vs. long—term pumping
in Little Sand Lake, and comparative dilution factors need more than a
cursory analysis. Exxon should provide a more detailed amalysis of this
problem. It is possible that lake levels will be lowered by mine
dewatering, and various alternative mitigating strategies, including
discharge into lakes, would be required.

From the existing discussion, there is no basis for assessing why a lake
discharge is not a preferred alternative.

Response:

Please refer to the full text from which this citation was excerpted; i.e.,
"The effluent standards and mixing zone requirements that would be imposed
for a lake discharge will ensure protection of the lake ecosystem. If the
water quality standards are met, the only incremental impacts associated
with lake discharge would be a possible increase in lake water surface
elevation or discharge flow out of the lake.”

The water quality standards would be specific to the receiving lake, and
WPDES permit limits would be compatible with existing lake conditioms. This
would preclude discharge of water to the lake with "elevated alkalinity and
pH, etc.,” unless these elevated conditions are compatible with existing
lake water quality. ‘

Although both lake and stream discharge alternatives are viable, there would
be a larger change in surface flow from existing conditions with a lake
discharge than the proposed discharge to Swamp Creek. As stated in the EIR
subsection 4.4.2.6, the lake would have to be relatively large, or the
discharge split and discharged to several lakes so not to drastically change
the existing hydrologic conditions in the lake and down gradient streams.
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The base flow immediately below Little Sand Lake, for example, is estimated
to be less than 0.028 m3/s (1 c¢ubic feet per second) (EIR Table 2.4-19)
while the estimated Project discharge is 0O.ll m 3/s (4 cubic feet per
second), resulting in a four-fold increase in base flow rate. However, the
base flow at the proposed discharge is approximately 0.42 m 3/s (15 cubic
feet per second) and the increase in flow caused by the Project discharge
can easily be absorbed in the existing stream capacity.

Also, potential discharge lakes all have adjoining wetlands which may be
impacted by the proposed discharge. Discharge to Swamp Creek in accordance
with NR 1.95 would provide less potential for adverse impacts on wetlands,
and this combined with the greater physical hydrologic effects on lakes and
down gradient streams from a lake discharge make discharge to Swamp Creek
the alternative with the least overall adverse environmental impact and,
therefore, the proposed altermative.

Section 4.4.2.6 Surface Water Discharge
Comment No. 63

The alternative of a wetland discharge needs additional discussion. A brief
discussion of the major impacts to wetlands hydrology, surface water and
groundwater quality, vegetation must be provided.

Response:

Before a potential water discharge to wetlands could be proposed as the
desired alternative, a considerable amount of information/data would be
required. As part of the analytical process, potential wetlands would have
to be selected to receive the proposed water discharge and seasonal
environmental data obtained and evaluated. Concurrent with this analytical
process, the DNR would have to develop water quality standards as a basis
for the WPDES permit. The standards would probably vary depending on the
type of wetland selected (i.e., shrub swamp, conifer swamp, marsh).

Although a wetlands discharge might theoretically have potential,
particularly as it may relate to mitigation of Project operational effects,
we perceive design and year-round operational problems which preclude us
from seriously pursuing this alternative. Operational difficulties could be
quite variable, depending on the type of discharge water distribution system
selected, the hydrological regime of the wetland and the wetland vegetative
type selected. During the winter period, frozen ground could prevent the
discharge water from penetrating the wetland substrate and channels could
form. Water passing through these channels would not have the benefit of
the "living filter” function of the wetland ecosystem and could eventually
reach a surface water body unattenuated. Without adequate attenuation of
some chemical parameters, difficulties could arise in meeting the WPDES
permit limits year-round. Overall it remains to be determined whether or
not a particular wetland site in northern Wisconsin could be operated
effectively throughout the year.
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Generically, hydrologic impacts from a wetland discharge would result from
‘ an increase in the surface water flow. Initially, this could cause local
scouring at the discharge site and possibly produce or increase channeling
through the wetland. This may be particularly true during the winter.

Provided that the discharge water met DNR water quality standards, there
should be no adverse impact to wetland plant and animal communities. Also,
because most of the wetlands near the mine/mill site are perched overlying
poorly drained low permeability soils, impacts to ground water quality
should be negligible.

Realizing that water table wetlands in the site area are discharge points
for ground water, it should follow that the discharge of mine intercept
water (uncontaminated ambient ground water) at a flow rate commensurate with
the size of the wetland should not have adverse impacts to the overall
functions of the wetland. However, based on our monitoring of stream flow
rates in wetlands, chete are no wetland systems in the site area for which a
discharge of 0.126 m 3/s (2000 gallons per minute) would not be a major
increase in the estimated base flow rate. Consequently, such an increase
would probably result in some impacts on the watershed functions of the
wetland.

Section 4.4.2.7 Groundwater Discharge
Comment No. 64

Groundwater Discharge - For the three described alternatives (injection
. wells, infiltration basin, and drain field), please provide additional brief
discussions of the potential impacts to groundwater hydrology and quality.

Response:

The impact to the ground water hydrologic regime from any of the three
alternatives would be similar. In each case a ground water mound could be
expected to form after saturation of the glacial soil material under the
ponds or drain fields and around each injection well. Formation of the
ground water mounds would not be a permanent feature of the hydrogeologic
regime. After mining operations ceased, the ground water mounds would
dissipate and the potentiometric surface would return to premining
conditions.

The required quality of the water to be discharged in all three alternatives
would meet appropriate discharge permit standards and would also have to
meet ground water quality standards at the compliance boundary. There would
not be any detrimental effects to the ground water quality.

Comment No. 65

In the EIR there is no discussion of the potential threats to the integrity
of the MWDF reclamation cap. Eventual penetration by deep-rooted trees,
soil creep, settling, erosion, animal burrows and frost heaving will act to
slowly degrade the reclamation cap. Please provide an analysis on the
integrity of the reclamation cap based on these factors.
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Response:

The reclamation cap for the MWDF is a key element in the design and
performance of the facility in controlling long-term seepage. The
integrity of the cap is important in assuring that it continues to perform
as planned.

Engineering design of the reclamation cap emphasized minimization of seepage
through the cap. The bentonite/soil seal and the coarse drainage layer over
the seal are important seepage control elements. The thickness of the
protective soil cover has some minimal effect on seepage and water balance
because of its water holding capacity; however, the soil cover primarily
provides a vegetative growth media and protects the underlying cap
components.

The 0.91-m (3-feet) thickness for the soil cover was determined by Exxon
Minerals Company and its consultants, and judged satisfactory for the type
of vegetative cover (black spruce and hybrid popular) originally proposed
for the reclamation cap. During that study the black spruce rooting depth
was the primary criterion in determining the cover thickness.

Long-term settlement of the tailings was studied and judged not to be a
problem in reclaiming the tailing ponds. The tailings will consolidate
somewhat, and settling occurs rapidly. Also, the reclamation work would be
planned so that the grades could be checked over a season and readjusted if
necessary before final planting of the vegetative cover.

The 2 percent grade planned for the cover will prevent ponding but is .
minimal enough to reduce erosion, especially when used in conjunction with a
suitable vegetative ground cover. Also, the coarse grained nature of all

soil materials in the cap, coupled with the final surface grades, eliminates
stability or creep concerns for the cap.

Some revisions to the reclamation cap design are under consideration at the
present time. Among the potential revisions or improvements being
considered are design for invasion of site area vegetation types, increased
thickness of the soil cover, incorporation of a root barrier layer, and
handling and management of runoff waters in the area surrounding the MWDF.

Exxon Minerals Company will perform additional study in these areas as well
as for the more general aspect of long-term future use for the MWDF area.
This work will be performed with DNR and local community input and will be
completed within the next few months.

Section 4.4.2.6 Surface Water Discharge
Comment No. 66

The proposed mine-mill complex will utilize a number of process reagents,
some of them toxic, others potentially hazardous, in large quantities. The
reagents will require a substantial amount of tramsport handling and
storage, before they are utilized and eventually disposed. The potential
impacts of an accidental spill, railroad car or truck accident, or other



release of chemicals to the environment need to be discussed.. Potential
impacts to air quality, groundwater, surface water, and wetlands should be
addressed.

Response:

During the life of the Project, the mill operation will use many different
types of reagents in the ore processing. The anticipated quantities of
reagents which will be stored on-site, the mode of transportation to the
site from the supplier, reagent form (liquid or solid), and unit size (bulk
or small quantities) are presented in EIR Table l.4-4. The reagents will be
unloaded and generally stored prior to use. Reagent storage and delivery
systems will be designed based on reagent .characteristics to prevent leaks
or spills.

All equipment and operating procedures will be designed to meet applicable
fire protection regulations. Emergency showers, eyewashes, and other first
aid equipment will be conveniently located in the reagent handling areas.

The major concern with the use of reagents is spills. Spills could occur
during transportation, unloading, storage, mixing, and/or use in the
process. Certain chemicals, if mixed, could react to produce gaseous
by-products. These gases could be toxic. However, when proper action is
taken, these spills will not result in hazardous conditions.

The Project procedures will provide for curbing on~site and will ensure that
spills are contained and handled properly; thereby avoiding accumulation in
the soil and ultimately any possible effects to ground water, and preventing
surface drainage of water and/or liquid reagents into nearby wetlands, lakes
or streams. This will eliminate any long-term consequence which could
adversely affect the environment and, ultimately, the public health and
safety.

The likelihood of transportation related spills occurring within the Pro ject
boundary is considered negligible. The access road will be maintained and
the posted speed will ensure safe operation. The railroad spur will be
inspected and maintained regularly. In addition, the grade will be less
than 1 percent and the operating speed will be slow. All equipment will be
maintained in a condition which complies with all the Department of
Transportation requirements. Therefore, equipment failure becomes a
negligible factor.l :

Documentation of off-site reagent spills in the mining industry is not
available. However, the reagent transport, handling and storage facilities
were selected to reduce the potential for spills. The greatest volume
(approximately 80 percent) of reagents would be shipped by rail. Although
specific probabilities of rail tramsport accidents involving reagents are
not available, probabilities of various industrial accidents are provided in
Reliability and Risk Analysis by N. J. McCormick, Academic Press, 198l. The

probability of a train crash 1is listed as 1 x 107! to 1 x 1072

Transport Canada, "Tank Truck Accidents Involving Dangerous Goods -
Standards Assessment,” December 1980.
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events per year. Based on the previous experience of mill workers in Exxon
Minerals Company, the probability of a major spill resulting from
transportation of reagents to the Crandon Project is very low and we would
not anticipate a major reagent spill over the life of the Project.

However, should such a low probability off-site transportation accident
occur and result in a spill of a reagent cargo, most of which will be in
solid form, appropriate steps should be taken to contain and clean up the
spill area as soon as possible. Most reagents will be shipped in solid form
and any resulting negative impacts to the enviromment should be localized
and reversible. '

Reagent spills in the mill during operation are also an important
consideration in plant design. Spills may present hazardous working.
conditions for the worker. Spills pose a potential threat to the
environment, are costly and adversely affect plant operating efficiency.
Generally, the engineering design is required to ensure that reagent spill
events have a low probability of occurrence. Reagent storage areas and
handling facilities in the mill will have concrete floors and be designed to
contain spills and keep spills of dissimilar materials separated. Solid
spills will be thoroughly reclaimed. Liquid spills will be contained in
blind sumps and the contents will be used as originally intended. Liquid
spills will be recycled to original bulk containers or to mixing tanks as
appropriate. ‘

The following assessment of select reagents was made with the assumption
that spills were unattended and no effort was made to contain or clean up
the spill. In actual operation, this would not occur.

Sulfur dioxide, sodium cyanide, sodium dichromate, and sulfuric acid are the
only reagents listed in EIR Table l.4-4 which were considered to present a
potential risk. A spill of liquid sulfur dioxide in large quantities could
pose a short-term, environmental consequence. Liquid sulfur dioxide, if
spilled, would vaporize rapidly at temperatures above -10°C (14 degrees
Fahrenheit). This effect would result in gaseous sulfur dioxide being
transported mainly through air movements because of its chemical properties.
Therefore, contamination of surface water should not occur. Sulfur dioxide
spills which occur during warmer months would vaporize and be transported by
air movement. The effect would be directly dependent on the size of the
spill, and the wind direction and velocity. In general, the immediate
effects would be short-term and reversible. Public health and safety
impairment from airborne SOy would be very small, depending on location.

During winter months, spilled liquid sulfur dioxide might remain in a liquid
form and, if contact were made with surface water, a low pH would result.
This condition would be short-term and reversible.

The construction materials required for storage, and the equipment required
for safe handling of liquid sulfur dioxide are well defined. Sulfur dioxide
is used in many industries and is handled, stored, and used daily in a safe,
acceptable manner. Some other major industrial users include paper mills,
food and grain processing, malting, and wastewater treatment facilities.
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The sulfur dioxide storage area at the Crandon Project will be within an
enclosed building adjacent to the mill, with a concrete floor and washdown
facilities which drain to the water treatment system. Personnel will be
trained for standard operating and emergency procedures. Safety equipment
will also be available. In addition, the facility will be designed to
comply with appropriate Mine Safety and Health Administration (MSHA)
regulations. When facilities are properly engineered and operated, sulfur
dioxide spills will have an extremely low probablity of occurrence.

Sodium cyanide will be received as briquettes which will minimize dusting
during operation. The briquettes will be received in Flow-Bins™ which
contain 1,364 kg (3,000 pounds). The empty bins will be returned to the
supplier. The bins will be stored inside the mill. A briquette spill would
have no public health and safety consequence resulting from transport of
airborne particles. '

If a spill of sodium cyanide occurs to surface water, it has potential to
temporarily affect surface water quality. Sodium cyanide solution could be
transported beyond the Project boundaries. However, sodium cyanide
solutions require high alkalinity to maintain a free cyanide form. As pH
decreases below 9.3, sodium cyanide will hydrolyze to form sodium hydroxide
and hydrogen cyanide (HCN). The hydrogen cyanide has a high vapor pressure
and, therefore, reacts further, establishing an equilibrium between HCN
(liquid) and HCN (vapor). In addition to decreasing pH, increased
temperature and turbulence (such as mixing) will accelerate volatilization
of HCN. Any HCN remaining in liquid form will tend to oxidize to the
cyanate (CNO) form, which can be complexed with metal ions or can further
decompose to ammonia (NH3) and carbonate (CO3).

Because of the unstable nature of free cyanide, it is unlikely that sodium
cyanide will remain in its original form, if it reaches surface water.
Volatilization and oxidation will occur as well as complexing and
decomposition with the result that minimal environmental effects will be
realized beyond the Project boundary. Therefore, any effect realized
off-site would be short-term and reversible.

Reagent mixing and solution storage will be designed in compliance with MSHA
regulations. The floor in the reagent area will be concrete and designed to
contain reagent spills separately. Solid spills will be swept into
containers and the area washed. Liquid spills will be washed into the sump
and pumped to the tailing thickener for treatment.

Materials of construction and other associated equipment required for sodium
cyanide storage and handling will reduce the probability of a major cyanide
spill. Containment and control of minor, accidental spills will further
reduce the risk of potential environmental impact to a low probability.

With a properly engineered and operated system the risks to the environment
are negligible.

As with sodium cyanide, spills of sodium dichromate solution could pose
potential environmental consequences through transport by surface water.
Effects on the environment could occur in two ways: (1) hexavalent chromium
(Cr+6) concentrations higher than allowable water quality standards

could result and (2) aquatic and terrestrial plant uptake of chromium. The
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environmental effects of hexavalent chromium are documented in the
literature?. Should sodium dichromate solution infiltrate the soil
on-site, studies performed have shown that chromium ions will be attenuated
by the s0i13. The effects of sodium dichromate would be short-term and
reversible.

Sodium dichromate handling and storage systems will be designed with the
proper construction materials and equipment to prevent accidental spills.
Proper design indicates low probability of a spill. Within the concentrator
building and the storage area, all spills will be contained and kept
separate from other materials. This will afford the operator an opportunity
to control and clean up spills in a safe manner.

Sulfuric acid will be received in bulk by truck or rail and will be stored
in an above ground tank. The tank will be bermed and the berm will be lined
to contain all spills. Materials of construction for vessels containing
concentrated sulfuric acid are well defined.

With a proper design which complies with the MSHA regulations, the
possibility of a spill is very low. Containment of spills in the storage
area and the areas of use (water treatment) mitigate the potential effects
to the environment. Should accidental sulfuric acid spills reach surface
water, the pH of the water would be reduced in proportion to the amount of
dilution. This effect would be short-term and reversible.

The effect outside the Project boundary would be small in that major
consequences would require a continual spill of sizable quantity over a long
period of time.

Conc lusions

The risk of accidental reagent spills during routine Project operation will
be a low probability event with properly designed reagent handling and
storage systems. Consequences of small spills during reagent use will be
mitigated by the containment and proper handling of each spill. Because
these spills would be minor, discrete, short-term events, the consequences
would not be severe. Since accidental spills would be localized, no threat
to public health and safety will arise.

Contingency plans will be developed for the use of each reagent prior to
operation. These plans will be used as training guides for the operators in
the reagent area.

Comment No. 67
The EIR assumes that once the mine is operating, it will continue operating

until the ore body has been completely mined. Exxon has addressed (comment
167) temporary shut down conditions, when the mine and facilities would be

4U.S. Environmental Protection Agency (EPA), "Water Quality Criteria
Documents,” 45 FR 79318, November 28, 1980.

3D'Appolonia, “"Ground Water/Soil Attenuation Study, Crandon Project,”
July 1982.
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maintained in a state of readiness. Under that situation, pumping the MWDF
underdrain would continue, the mine dewatering would continue, and the
tailings ponds would remain ready for use, and mining/milling could begin at
short notice. In addition to short-term shutdowns, there is a possibility
that mining would cease for longer periods of time. If that happened, would
the mine ever be allowed to flood? Would the MWDF underdrain continue to be
pumped? Would the tailings and reclaim ponds be allowed to dry? What would
the closing duration have to be for these events to occur? For example,
please discuss the potential impacts which would result from a closure of
2-5 years. Include in the discussion potential impacts to ground water
quality, surface water quality, and implications of restarting the mine.

Response:

Cessation of mining, not set forth in the Mining Plan, will be conducted in
a lawful manner under Wisconsin Statute 144.875, which requires that the
operator notify the department and commence stabilization of the mining
site. As presented in Statute 144.875, "If the department determines after
hearing that stabilization of the mining site is inadequate to protect the
environment, the department shall order the operator to commence additional
measures to protect the environment, including, if the cessation is
reasonably anticipated to extend for a protracted period of time,
reclamation according to the reclamation plan or part of the reclamation
plan.” The following discussion briefly considers the points raised in the
questions.

Evaluations of shutdown/startup questions during the operating life of the
property consider many of the same parameters as the initial decision to
start construction of a new mine. These considerations are similar whether
the shutdown period is several months or several years. Some of these
factors include:

1) The cost of maintaining facilities during shutdown, including
environmental costs;

2) The cost of restarting the facilities;

3) The anticipated future metal prices and operating expenses;

4) The anticipated availability of personnel if the facility is restarted;
5) The remaining ore reserves; and

6) The cost of reclamation.

In general, the potential to restart the operation is more likely early in
the property life when future ore reserves are still relatively high. As

the remaining tonnage to be mined decreases, the restart of the operation
becomes more difficult.
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If the Project stopped operations for 2 to 5 years and the understanding was
that it would be restarted at the end of this period, then the following
might be expected:

1) The mine dewatering pumps would continue to operate;

2) The tailings underdrain pumps would continue to operate;

3) Chemical stabilization would occur of the tailings surface; and
4) The water treatment facilities would continue in operation.

The ramification of the above events would be the extension of the mine/mill
operation and reclamation time periods.

If the shutdown decision included allowing the mine to flood, then there
would be little hope that the mine would be restarted. In this instance the
property would be closed and final reclamation work begun. The ramification
of these events would be the premature termination of the operatioms.
Environmental impacts would be as projected for the closure period and

the reclamation plan would be completed.
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‘) State of Wisconsin DEPARTMENT OF NATURAL RESOURCES
('. ' Carroll D. Besadny
Secretary
BOX 7921

MADISON, WISCONSIN 53707

April 10, 1984 _ IN REPLY REFER TO: 4400

Mr. Barry J. Hansen
Permitting Manager
Exxon Minerals Company
P.0. Box 813
Rhinelander, WI 54501

Re: Completeness Check and Preliminary Review; Feasibility Report for

the Crandon Project Mine Waste Disposal Facility; Forest County
Dear Mr. Hansen:

The Bureau of Solid Waste Management, Department of Natural Resources, has
revieved the various items submitted to document and justify the feasibility
study for the Mine Waste Disposal Facility (hereafter referred to as the MWDF)
for the Exxon Crandon hMine. These include:

1. Feasibility Study received on December 27, 1982,

2. Package of materials received July 20, 1963 responding to the Department's
feasibility study incompleteness letter dated March 11, 1983.

3. The Siting Report Response letter dated July 11, 1983 in response to the

Department's letter dated November 23, 1982.

4. The EIR Chapter 1 Response Conments dated October 3, 1983 in response to
the Department's letter dated May 11, 1983.

5. The Nine Plan response conments received November 14, 1983 in response to
the Department letter dated October 10, 1983.

6. The EIR Response Comments dated February 24, 1984 in response to the
Department's letter dated December 29, 1983.

7. Contractor documents submitted to support EIR, Feasibility Study, and Mine
Plan proposals.

Review of all these submittals was necessary due to the numerous individual
details of site construction, operation, and closure which were discussed in
each submittal. MNo one document addressed to the Bureau of Solid Waste
Management can be considered representative of the entire IMWDF proposal.
Based on this review, the Department has determined that the feasibility
report, including relevant information from other documents, does not contain
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the minimum information required by NR 182, Wisconsin Administrative Code.
Therefore, the submittal is not complete. In addition, items listed below
also present preliminary review concerns which affect site design and
construction.

The subtitled sections below address the following major categories:

Documentation

MWDF Siting Alternatives
Hydrogeology and Monitoring
Site Design

Contingency Plan

The detailed incompleteness items and review concerns within each category
must be addressed before the Department can consider the submittal to be an
approvable proposal for the MWDF as well as providing adequate documentation
for development of a comprehensive EIS.

Documentation

1. Certain documents or portions of documents previously requested by the
Department have not been received and must be made available in order for
the Department to conduct a complete review of the proposal.

a. Those elements of the Lakefield Research data that describe waste
characteristics of the materials which will be deposited in the
tailings impoundnents are not available to Department statf and
should be provided. It is not apparent that the tailings liquors
tested by Colorado School of Mines Research Institute and Golder
Associates are representative of the range of concentrations of
parameters likely to be present in the tailings slurry water or
reclaim pond water. The intent should be to use the available data
to best advantage to illustrate the means and ranges of total
dissolved solids, pH, and concentrations of metals, common ions, and
anions of liquids that will contact the liners of the MWDF and
reclaim ponds and the drainage layer of the MWDF. This information
is needed to evaluate liner stability.

b. The soil attenuation study prepared by D'Appolonia is missing several
pages of data contained in Appendix H. It appears that the last Y
pages of data were left out when the original documents were
reproduced.

MWDF Siting Alternatives

2. The MWDF siting process and history were addressed in the Department's
November 11, 1982 letter and Exxon's response dated July 11, 1983. With
respect to the hydrogeology and preliminary engineering aspects of Exxon's
preferred site (site 41), it is the opinion of Department statf that ‘
site 41 is a viable site which can potentially be developed into an
environmentally acceptable disposal facility if adequate engineering

design and construction of the site is accomplished. Furthernore, from a
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hydrogeologic and preliminary engineering standpoint,the data provided to
us to date does not indicate that there would be significant hydrogeologic
advantages to emplacing the facility at another location within the
Exxon-defined study area.

With respect to the broader environmental factors affecting site
selection, the Department will be completing its analysis in the near
future. This analysis will include comparisons between specific sites.
Additional information may be required to develop in proper detail our
judgments on your choice of site under NR 182.08(2)(k) and to develop a
comprehensive environmental inpact statement (EIS). It is only after this
analysis is completed that we feel that Exxon can eliminate consideration
of all but one site. The Department will be developing a letter in the
near future which will specify any additional information required.

The materials submitted to deronstrate the feasibility of the preterred
MWDF location illustrate the following important hydrogeological and

locational features of this site:

a. The MWDF is proposed to be located in and overlying relatively high
permeability glacial deposits. Groundwater and potential disposal
facility leakage can occur ! 1 rapid rate through these materials as
compared to disposal operations conducted in other areas of the state.

b. Groundwater flow is nearly radial in the MWDUF area. This flow
geometry and the site location in a groundwater recharge area exposes
a large area to potential groundwater impacts from the MWDF.

c. The large separation distance between the base of the MWLF liner and
the groundwater table is advantageous due to the beneficial effects
of unsaturated flow on contaminant transport. However, the depth to
bedrock imposes severe difficulties on construction of physical
remedial actions such as cutoff walls or trenches should
contamination below the groundwater table originate from the MWDF.

d. The proposed groundwater contamination contingency plan utilizes
pumping wells that may need to be operated for a considerable period
of time, may involve lona term costs for system operation and
naintenance, and may necessitate a water treatment plant and
associated sludge disposal.

e. The vastes to be deposited in the MWDF contain sulfide minerals which
will decompose upon exposure to oxygen and water and lead to
generation of ieachate. After disposal, their potential for
producing leachate will exist for perpetuity.

The feasibility considerations listed above are the basis for Uepartment
staff opinion that this site has few natural advantages tor waste
disposal. Thus, successtul site development will depend greatly on
engineering modifications. It is the opinion of the Lepartment staft that
the MWDF design must incorporate conservative design concepts both in
details and as a total systeni which includes proven technology, systen

redundancy, and safety margins which reduce the risks of MWDUF failure.
Specific issues are addressed in the scction below entitled Site Lesign.
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Hydrogeology and Monitoring

Numerous items of information dealing with hydrogeology and groundwater
effects of the MWDF were dealt with in the Department's letter dated Novenber
14, 1983. That letter was not intended to be a completeness check for the
MWDF proposal specifically but dealt separately with groundwater issues due to
the general need for similar information by other Department regulatory
functions (Mine Dewatering Permit, effects of mine dewatering on adjacent
surface water bodies, etc.). The issues raised in that letter are currently
being resolved but additional hydrogeological issues raised in continuing
review are also addressed below:

4. Previous discussions between the Department and Exxon staff over the last
year and a half concerning Departuent need for the couputer tape of the
groundwater model programming have not been resolved. At this time
Department staff wish to reaffirm why it is necessary for the Department
to acquire the computer tape. The Department is concerned with both
exercising the model through b'Appolonia's facilities and obtaining a copy
of the model documentation in compatible machine format. Variations in
scenarios and data can be successfully exercised under the present
contractual arrangements between Exxon and D'Appolonia. However, real
world verification of the model can only be performed with data generated
after several years of MWDF construction and operation. The Department
has no assurance that the present contractual arrangement will continue as
long as needed. The Department's responsibility to periodically review
site performance through time requires that the Department also possess
the means to do so (i.e., the computer model). Therefore, Department
staff request that Exxon submit this tape and any such program
modifications as were made during the modeling work.

5. The proposed saturated and unsaturated zone mornitoring systems for the
MWDF and reclaim pond complex are inadequate both in density of sampling
devices and in details of their installation. As noted above, the
Department's November 14, 1983 letter also recommended additional well
installations at specific locations, some of which may be useful for
groundwater monitoring around the MWDF.

a. The saturated zone groundwater monitoring plan should insure that all
vectors of groundwater contamination are monitored. This means that
water table wells and piezometers should be placed in a ring totally
surrounding the facility. Instrumentation should also be developed
to monitor groundwater quality and gradients below the tailings
impoundments.

b. The large separation distance between the base of the impoundments
and the groundwater table and the long contaminant transport times
predicted by Exxon necessitate a comprehensive unsaturated zone
monitoring system below the tailings impoundments. UDetails on the
types of devices utilized and sampling extraction wmethods are
needed. Redundancy is needed due to the iupossibility of
replacing or repairing these devices after impoundment construction.

It may be necessary to use a range of sanpling devices including
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collection basin lysimeters, suction lysimeters, tensiometers,
conductivity probes, or other devices in order to ensure a reliable
monitoring system. Exxon should explicitly evaluate use of a range
of unsaturated zone instrumentation.

The use and design of the collection basin lysimeters placed below
the base of the impoundments rnwust be detailed. The locations appear
to be approximately 15 meters below existing ground surface of
inpoundment T-1. No details of construction are included in the
Feasibility Study. The Department is concerned about the practical
aspects of recovering a usable sample. Additional detail nust be
submitted on access to drain lines coming from the lysimeters,
vithdrawal of samples, length of drain lines and corresponding
effects on the leachate captured, lysimeter location with regard to
cell bases and side slopes, materials of construction, and
installation.

Details are needed on abandonment of monitoring wells located within
the MWDF area as well as methods of sealing any wells to be retained
in the MWDF area for monitoring. Details must be supplied on the
protection of weils which will be extended and utilized after
facility construction and closuic.

A1l existing groundwater quality and elevation data nust be nade
available to the Department in a format which can be readily
integrated with Department computer records. While Departnent and
Exxon technical staff have begun to address details of electronic
transfer of data, this process has yet to be completed. In addition,
the Department requires that the individual elevation readings used
to construct the groundwater hydrographs in the EIR be converted to
mean sea level elevations and submitted.

Department staff consider all details of the monitoring plan tor the
MWDF to be part of the feasibility study. The monitoring plan is
tied to site construction, operation, reclamation, and long-term care
and will be reviewed with the rest of the proposal.

Site Design

As indicated above, the hydrogeologic environment in the Exxon siting area
requires that the preferred site incorporate extensive engineering
modifications in order to successfully protect the environment. The
engineering concepts and details presented in the various docunents and plans
have been reviewed and Department staff have several reservations concerning

the proposed design.

6.

A major portion of the amended soil Tiner materials preparation and liner
construction process needs to be detailed. The level of detail provided
in the feasibility study, EIR, Mine Plan, and resporses to Department
comments on thesc subjects does not meet the Department's regulatory
needs. Only very limited literature information is available on this

design concept. There has been little experience with bentonite anended
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soil liners in Wisconsin. Where there has been experience, such as in
wastewater treatment plant lagoons, the track record has not been good.
For these reasons, Exxon must demonstrate the constructability, quality
control, and minimum design methods and tolerances at the teasibility
study stage. It is not sufficient to assert (as stated in the Feasibility
Study) that these issues will be dealt with in the plan of operation
stage. In brief, the Department is questioning the basic feasibility of
constructing the amended soil liner reliably and with the equivalent
degree of redundancy available in clay liner technology. More specific
information needs are:

a. The soil crushing, screening, and mixing plant has been demonstrated
to date only through manufacturer's brochures and generalized
calcuiations. Exxon must document in detail that the soil,
bentonite, and water can be mixed reliably and can meet consistent
quality control. Such documentation should include reports of
construction and quality control of actual projects which utilized
this method, detailed descriptions of procedures to be used on this
project, groundwater monitoring data and leachate characterization
for operating facilities which utilized this method, and, if
possible, a pilot demonstration of the process.

It must also be demonstrated that it is possible to vary bentonite
content due to the estimated permeability ot the soil used for
mixing. Department staff do not believe this approach is practical
given the inherent variability of soil materials and the difficulty
of testing them on a continual basis. Department staff recommend
that a minimum bentonite puriontage be chosen which can be shown to
be more than adequate based on a worst case soil gradation to be
encountered.

Department staff recommend that a basic decision be made on the
mixing method. The Department doubts that sufficient quality control
can be exercised through any method except the central mixing plant
concept.

b. Quality control of compaction of the amended soil material must be
defined to include suitable compactive effort by available
machinery, design moisture content, amended soil curing time and
effect of storage prior to use.

c. Exxon must define the actual quality control tests and parameters to
be used for construction control during anended soil liner
installation. It is the opinion of Department staff that the field
permeability test submitted with the EIR Chapter 1 responses is not a
practical method of maintaining adequate field control due to the
unreliable and time consuming nature of the test. Department staff
recommend this test be replaced and supplemented with the use of soil
tests such as density, Atterberg limits, and gradation tor liner
quality control. In addition to these, Exxon must demonstrate a
reliable metinod to certify bentonite content rapidly both at the

mixing plant and in samples taken during actual liner construction.
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While field and laboratory permeability tests are useful and
necessary, their use must be explicitly defined as to whether they
serve as field controls or as post-construction documentation.

The proposed liner thickness appears to be inadequate. Placenent of
a six inch liner in a single 1ift lacks redundancy which is inherent
in more conventional liner technology used with landfills. The use
of multiple lifts to construct a four or five foot liner compensates
for construction, material, and testing irregularities which should
be expected to occur when constructing earth structures. Liner
construction for this facility must be demonstrated to meet the field
control and redundancy inherent in usual liner construction. The
Department suggests use of multiple lift placements, a greater
overall thickness, and a better method of field control of thickness
that does not involve continual refilling of grade stake holes.

An essential element of phased tailings impoundment construction is
the necessity to seam adjacent lined sections. The amended soil
liner is proposed to be constructed sequentially up the interior
sidewalls of each impoundment cell as filling progresses. There are
no details provided assuring continuity across seams between areas of
side slope liner constructed dui ing difterent periods of time. There
are conventional designs which have been implemented successfully
with thicker clay liners. A liner seaming method must be detined for
this amended soil proposal which meets or exceeds the effectiveness
achieved by clay liner seaming.

The Department requests further reevaluation and documented
comparison of, at a mininum, the following design variations for the
MWDF Tiner:

i. Double liner system similar in concept to that proposed for the
Reclaim Ponds.

ii. Flexible membrane liner, with use of thicker synthetic materials
currently being used in landtill design. Several recent
hazardous waste landfills, for instance, have been constructed
using thick high density polyethylene (HDPE) Tiners.

jii. Natural clay liner, using natural soil deposits, either as a
backup liner or as a thick liner in its own right. The use of
natural clay liner thicknesses less than 5 feet may be viable.

iv. Amended soil liner with a substantially increased thickness, to
incorporate the above expressed concerns for redundancy and
overcoming construction variability.

Monitoring data from several clay lined landfill sites in the State of
Wisconsin have resulted in several years of performance data which
demonstrate that clay liner technology can be successfully implemented.
Exxon Minerals Coupany wust demonstirate with similar data that, by

creating a manufacturcd material out of a natural soil material and an
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admixture, the inherent variability of those materials can be overcome to
create a predictable and usable product that has the potential to nieet the
clay lined Tandfill performance. It is not sufficient to assert that this
will be done at the plan of operation stage. It should be pointed out
that the Department is not precluding use of an amended soil liner.
However, greater justification is needed for its use in this situation.

The Department has reservations about both the level of detail provided
for the MWDF final cover design and the conceptual intent behind the

design.

a. The design infiltration rate of less than 1 inch does not appear to
be realistic in the long term. The final cover drain and seal layers
must perform indefinitely regardless of the effects of tipovers,
animal burrowing, freeze-thaw effects, and erosion. There is also
concern that the amended soil seal layer may develop fractures due to
dessication or settlement which will lead to an increase in
permeability.

No details have been provided on the method of routing water diverted
in the drainage layer to the exterior of the site. The level of
detail provided on percolation control in the final cover design does
not justify the assertion that the final cover will maintain the
free-draining function of the drainage layer for an extended period
of time.

b. The Department disagrees with the conceptual model of the final cover
proposed in the Feasibility Study. As presented, water that
percolates through the seal layer is allowed to pass through the
waste mass and to exit through the base of the site. Although
variations in percolation volumes would be expected to occur from
year to year, an assumed average volume of water is conceived to
continually penetrate into the site. It is necessary to prevent
water and oxygen from reaching the tailings, as these are essential
reactants in the sulfide mineral oxidation process. The Department
strongly suggests that a final cover redesign be developed which
allows essentially no entrance of air (more importantly, 0y) or
water to penetrate through the final cover into the waste mass. The
Department also strongly suggests that a simpler final cover
construction method be used which incorporates a thicker cover layer
which both Timits desiccation effects on final cover vegetation and
provides additional protection to the seal layer from erosion and
exposure effects.

Department staff recommend a reevaluation of the use of flexible
membrane materials (described in the Golder studies 3.1 and 3.2) for
a final cover seal material in light of the recent use of thick
synthetic materials such as HDPE in hazardous waste disposal sites.
Using the elements suggested above would result in an alternative
final cover system which consists of a thick membrane (for instance,
HDPE) covered with a large thickness of soil cover suitable for
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establishment of a long term vegetative and erosion-resistant cover.
This simpler system may more readily ensure a final cover which will
prevent infiltration for the longest period of time possible.

In surmary, the theory of operation of the final cover, the details of
construction, and quality control of its installation are key to the
successful long term operation of the entire waste containment structure.
The intent should be to achieve a containment design that eliminates entry
of air and water to the waste mass and allows for continued desaturation
of the tailings to the maximum extent possible.

A1l details of the reclamation plan for the MWDF will be considered by
Department staff to be part of the feasibility study document. The
Reclamation Plan is tied to site closure, monitoring, and long term care
and should not be viewed as segregated from the rest of the proposal.
While it is acceptable to the Department to reference the Reclamation Plan
submitted to comply with NR 132, you should be aware that Department staff
will review the MWDF reclamation plan under NR 182.

Certain details of the reclamation plan involve the routing of runoff from
the MWDF and the balancing of long-term runoff eftects on adjacent
wetlands, surface water bodies, dand yiuvundwater. The Department is
concerned about the proposal to utilize runoff from the surface of the
closed tailings impoundments as enhanced infiltration in the soils within
the proposed compliance boundary to compensate for decreased infiltration
below the impoundments themselves. The Department must have detailed
information to evaluate the inflow scenario and the possible clogging
effects of the infiltration structures. The design and maintenance of
infiltration structures must be shown to be feasible.

Although erosion control for the entire Exxon Mine project has been
proposed in a general manner, additional detail must be provided for
treatment of the control of erosion and establishment of vegetation on the
3:1 exterior side slopes of the tailing impouncments. The Department
requests that greater detail be provided, to include reduction of
uninterrupted slope lengths and the directing of runoff to existing
drainage channels.

Exxon has utilized estimates for the residual volumetric water content
(field capacity) of the tailings to be disposed ot in the tailings
impoundments. Exxon should determine the actual value for this
parameter, In addition, estimates of unsaturated tailings permeability
were also made which should be verified through field or laboratory study
and/or complete and detailed literature references. This information is
needed in order to more precisely calculate the dewatering rate of the
tailings and the length of time in which leachate collection should be
practiced. (If you choose to rely extensively upon literature references,
Department staff request that you provide reproductions of references
which are not readily available in the northern United States or Canada.
While extensive work has been done cn mining projects in South Africa,
Austraiia, and the Third World, much of this information is not readily

available to the Department on short order.)
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Settlement effects must be more explicitly addressed in order to evaluate
constructability and long-term integrity of the final cover. It is not
altogether clear from the Golder work and other literature sources that
the consolidation behavior of the fine fraction of the tailings has been
thoroughly evaluated. It should be made explicit whether long-tern
density changes are likely to occur in the fine tailings fraction.

The waste water sludges produced during the pilot plant studies should be
subjected to a detailed waste characterization, including bulk analysis,
moisture content, and leachability. This information is needed both by
the Bureau of Solid Waste Management and Bureau of Waste liater
Management.

In summary, the subjects addressed in this section indicate that Department
staff not only have reservations about detailed design of segnents of the MWDF
but have a differing opinion from Exxon's designers as to the fundamental
conceptual design of the disposal system as a whole. The MWDF as proposed
postulates a limited but continuous flow of water into the top of the site and
out of the base. This design does not provide sufficient assurance that the
actual leakage qualities predicted or designed for can actually be met. Hore
fundamentally, Department staff disagree with the concept of allowing
long-term and continuous leakage.

Department staff suggest that there is considerable latitude for site
redesign, based both on the range of technologies available and on the
possible balance between emphasis on the liner, waste characteristics, and
final cover. The Department strongly suqgests that it would be in Exxon's
best interests to redesign the site Luling into account the concerns raised
above.

Contingency Plan

10. The contingency plan proposed in the Feasibility Study and the Exxon
~ document dated December 1982 and entitled "Contingency Plan” are not of an
acceptable level of detail. Department staff also have concerns with the
more basic concepts behind those details.

While groundwater pumping can control gradients below the impoundments
(based on information presented to date), it does not constitute a
realistic contamination control measure for the Exxon MWDF. Exxon's
contention is that groundwater contamination is a remote possibility (as
documented by the contaminant transport modeling).Thus, utilizing
groundwater pumping for contingency purposes is also expected to be an
extremely remote possibility. This does not meet the intent of a
contingency plan which is that the plan must involve practical and
realistic measures to correct a situation which, by intent and by
regulatory code, must be postulated to actually occur at some time. A
facet of the contingency plan which is completely lacking is the treatment ‘
and disposition of contaminated groundwater. This is a particularly
troublesome point in that other documents, such as the EIR Mine Plan,
indicate that the treatment plant at the mill will be dismantled at the

end of mine and mill useful life. If groundwater pumping is to be
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proposed then additional details will need to be provided to demonstrate
that this is a realistic alternative,

Other measures used to correct site defects have been alluded to in
various responses to Department review letters, such as the proposal to
inject grout beneath a leaky impoundment liner section. Additional
details must be provided to demonstrate that this could be practically

done.

The Department suggests that more emphasis be placed on design, initial

site construction, operation, and closure to ensure containment of waste
materials in the impoundments. A conservative site design is needed to

reduce reliance on what must be viewed as extreme measures for site

remedial action.

This letter is intended to indicate additional information which the
Department needs to review the Feasibility Study for the MWDF. In addition,
the results of review staff evaluation of the project conceptual design and
engineering details are also included insofar as they may result in
significant site reevaluation and redesign. Department staff believe that now
is the appropriate time to address these conceptual issues and engineering
details before proceeding with the review process. Because of the complexity
and breadth of this project, Department statf believe it is essential to meet
with Exxon's technical staff and consultants to address issues raised in this
letter. The Department suggests that Exxon resolve conceptual difficulties
with Department staff, perform redesign, and submit an amended design to the
Bureau of Solid Waste Management. The submittal of the required information
does not ensure approval of Exxon's Feasibility Study nor does it preclude the
Department from requiring additional information if the need is demonstrated
through continued review.

The completeness and review issues raised in the Department letter dated
November 14, 1983 will continue to be evaluated as part of the combined review
of the effects on the groundwater system of the MWDF, mine dewatering, and
discharge of treated water. Comnon features of MWDF and reclaim pond designs
should be coordinated and reconciled in order to facilitate both regulatory
review and site construction. In addition, there are several other aspects of
this project which are reviewed by the Department's Solid Waste program but
which have not been explicitly addressed in detailed proposals to the
Department. In brief, these are:

1. Pre-production ore storage site design.

2. Disposition of solid waste (not to be confused with mining waste from mine
and milling circuits, such as tailings, waste rock, and sludges).

3. Hazardous waste materials identification and disposition. It is not
Tikely that all spilied reagents, for instance, can simply be collected
and returned to use.

4. Septic system sludge disposal.
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5. Spill plan details and adequacy.
6. One time and demolition waste disposal permits.

The last five items in the list above should be evaluated by consultation with
Department District and Area Solid Waste staff in the near future in order to
establish the level of detail and information requirements which Exxon must
meet. Please contact Jim Anklam at the Antigo area office at (71b) 627-4317
in order to establish a schedule to address and review these issues.

If you have any questions regarding this letter, please call Gordon Reinke at
(608) 266-2050, Ken Wade at (608) 267-9387, Robert Grefe at (6U8) 260-2178, or
Archie Wilson at (715) 362-7616.

Sincerely,
Bureau of Solid Waste Management

Wcdea 2 8 J"‘;ﬂ/ |

Richard G. Schuff, P.E., Chief
Residuals Management & Land Disposal Section

I .
Approved: T auk gf) @:)1,c%;t.£&1,,
Paul P. Didier, Director
Bureau of Solid Waste Management

RPG:mk/4954S

cc: Robert Ramharter - EI/3 James Derouin - Madison
Lyman Wible - ADM/5 Jim Anklam - Antigo
Linda Bochert - ADM/5 Terry McKnight - NCD
Gordon Reinke - SW/3 Joan Knoebel - Madison
Mike Witt/Suzanne Bangert - WW/2 Kevin Lyons - Milwaukee
Robert Krill/Roger Gerhardt - WS/2 Ray Huber - Wausau
Archie Wilson - NCD Don Zuidmulder - Green Bay
Gary Kulibert - NCD Kathleen Falk - DOJ

Systems Management Section - SW/3 C. Hammer-LEG/5
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Carroll D. Besadny
Secretary

BOX 7921
MADISON, WISCONSIN 53707

- July 19, 1984 File Ref: 1630 - Exxon

Dear Librarian:

Please put the enclosed document, a "Status Report of Department of

Natural Resources Activities on the Proposed Exxon Mine near

Crandon, Wisconsin, June 30" along with the other Exxon Environmental
. Impact Report (EIR) material.

Thank you for your assistance.

Sincerely,
Bureau of Environmental Analysis & Review

Carol Nelson
Environmental Specialist i
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Status Keport of
Department of Natural Resources Activities on the
Proposed Exxon Mine near Crandon, Wisconsin

Jupe 30, 1984

Introduction and Statement of Purpose

In 1976, Exxon Minerals Company announced the discovery of an ore body near
Crandon, Wisconsin containing significant amounts of zinc, copper, and lead
ores. Following their announcement, Exxon conducted additional planning and
technical investigations into the feasibility of mining the deposit and
potential consequences to the local and regional environments. In December
1982 Exxon submitted to the Department of Natural Resources a mining permit
application and other key permit applications, along with its environmental
jmpact report, as required by law. In doing so, Exxon confirmed its
intentions to pursue a permit to mine the mineral deposit and triggered the
formal state agency review and environmental impact processes.

Exxon's proposal to mine the ore body is relatively complex. It involves
construction, operations, and eventual reclamation and closure periods
covering nearly 30 years. An estimated $550 million would be spent by Exxon
for construction of the underground mine, mill complex, and ancillary
facilities before ore could be removed commercially; the project would involve
an estimated 700 permanent operations workers for the duration of the mine,

Although the environmental impacts of the proposed project have not been fully
determined, project development would result in impacts to the natural
resources from groundwater drawdown, operations of a waste disposal site for
mine tailings, emissions to the air, discharge of treated process water, and
access and utility corridors. Socioeconomic impacts would include changes in
regional employment, job competition, personal income, local property taxes,
housing, and public services. These potentially significant impagts require a
thorough analysis of the proposed project. The environmental impdtt statement
on the proposed project will contain these analyses. {

i

Substantial progress has been achieved in evaluating Exxon's environmental
impact report and permit applications. The primary objective of this report
is to briefly explain the status of these evaluations, identifying both the
accomplishments and the areas where additional work is required. This
includes a discussion of all significant issues and the approximate timetable

for their resolutions.

In this report estimated dates for the completion and/or acceptance of the
various permit reviews, Exxon's environmental impact report, and the
environmental impact statement are provided. Completion dates are based on
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estimates of the time required to obtain additional information from the
applicant, resolve new issues which arise, review submitted information as
well as write the environmental impact statement. The schedule dates,
therefore, are tentative. The Department is making every effort to complete
its review and writing responsibilities in as timely a fashion as possible.

Major Permit Requirements

The status report is organized according to the major permits which are
required for the development of the Crandon mine. Exxon has applied for five
major permits from the Department: solid waste operating license, high
capacity well permit, Wisconsin Pollution Discharge Elimination System (WPDES)
permit, air quality permit and mining permit. While numerous permits are
required from the Department as well as federal, other state agencies, and
local units of government, these are the most important permits on the basis
of potential impacts to the environment.

1. Solid Waste Plan Approval and Operating License

A solid waste operating license is required for this project, and in addition,
a feasibility study and final engineering plans for the proposed disposal
facility are required to be reviewed in detail. The solid waste site, known
as the mine waste disposal facility (MWDF), would provide permanent storage
for waste materials that cannot be returned to the mine. It would encompass
about 500 acres and is designed to contain 31 million cubic yards of wastes,
chiefly rock in the form of finely ground tailings. The tailings contain
significant amounts of sulfide minerals, mainly iron pyrite, which produce,
when exposed to air, water, and specialized bacteria, a leachate contaminated
with acid, heavy metals and other pollutants. For effective environmental
protection, it is imperative to isolate the wastes from the surrounding
environment. A low permeability liner with a leachate recovery system is
proposed for the base of the MWDF. A similar low permeability final cover is
proposed to isolate the MWDF contents from precipitation and the atmosphere.
In the long-term, the effectiveness of MWDF final cover is very important, for
to the extent that it 1imits water reaching the tailings, it will also limit
leachate generation and contaminant movement. Exxon has indicated they may
submit revised proposals for the design of the MWDF liner and final cover.
Following receipt of that proposal, the Department will evaluate the
capability of the proposed 1iner and final cover to control leachate
generation and examine the potential chemical interactions between the
tailings and 1eachate and the liner materials.

A major concern is the gradual seepage of leachate and associated contaminants
through the base and sides of the MWDF. Contaminant movement depends on
several factors including the effectiveness of the liner and final cover,
whether or not the glacial sediments beneath the MWDF are saturated, porosity
and mineralogy of the soil particles, the nature of the contaminant, and the
speed and direction of groundwater movement. The Department recognizes that
no containment facility is completely water tight. Therefore, the Department
is verifying, through reviews and computer modeling, Exxon's predictions of




how contaminants will move away from the MWDF and disperse. In order to
verify Exxon's predictions on contaminant movement, the Department has
required Exxon to provide additional information on the nature of the glacial
deposits and groundwater beneath the MWDF and conduct additional computer
analyses of contaminant transport.

An integral function of the MWDF is to isolate the wastes from atmospheric
precipitation. Exxon predicts that most rainfall and snow melt will move
Jaterally as runoff to the surrounding landscape rather than penetrate the
final cover. The details of how runoff from the MWDF will be handled and
where it will flow have not yet been completed by Exxon. Completion of these
plans will be required before a construction and operation approval letter can
be issued.

DNR review letters on the MWDF Feasibility Report were sent to Exxon on
March 11 and November 14, 1983 and April 10, 1984 following Exxon's submittal
of the MWDF feasibility report and additional requested information. In its
most recent letter, the Department requested greater detail on the
construction of the 1iner and final cover, evaluation of alternative designs,
additional provisions for monitoring water quality around the MWDF, and more
detail on contingency planning. The timétable for receiving additional
requested information and eventual approvability determination is not known,
however Exxon has indicated they will expedite the submittal of additional
information.

2. High Capacity Well Permit

The ore body near Crandon lies bhelow a thick mantle of glacial deposits
jncluding silts, sands and gravels. Portions of the deposits are saturated
with groundwater and provide water for local wells and discharge to the
surface in the form of springs or as base flow contributions to streams. In
order to access the ore body, Exxon must penetrate this glacial aquifer and
develop the mine far beneath the glacial deposits in the underlying bedrock.
A permit for mine dewatering is required. An additional approval for potable
water supply also is required, and Exxon submitted both applications in
October 1983.

Pumping for mine dewatering will result in a large cone of depression in the
groundwater. The cone of depression will reach its maximum extent several
years after underground shaft development begins. Preliminary estimates of
the size of the cone of depression indicate-that it would extend up to several
miles in diameter from the mine. To the extent that surface water features
such as lakes, wetlands, and streams are connected to the groundwater table,
the resultant cone of depression would cause reduced stream flows, lowered
Jake levels, and reduced water availability to wetlands and springs. Those .
surface water features perched above the groundwater table may not be impacted
by the drawdown. The Department has requested additional information on the
groundwater modeling effort, including a worst-case analysis of the cone of
depression and model runs with varying assumptions.
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The greater the amount of pumping for mine dewatering, the greater the
potential impacts on surface water. Thus, an accurate estimate of the cone of
depression is critical when evaluating the impacts of the project. The
Department is carefully evaluating the mine inflow estimates developed by
Exxon and has required additional computer modeling of these estimates.

In their environmental impact report, Exxon developed an analysis of impacts
to the surface water features in the vicinity of the mine. Factors such as
soil permeability, soil water storage, groundwater levels, and depth to
bedrock, were important inputs to these analyses. In order to verify Exxon's
calculations the Department has requested additional information on these
critical factors. Exxon is now obtaining data through a series of
hydrogeological investigations. These investigations involve drilling and
sampling bottom sediments from Duck, Deep Hole, Skunk and Oak Lakes to test
the permeability of bottom sediments. Analysis of these sediments will yield
estimates of how mine dewatering may impact the water levels of those lakes.
Exxon has estimated they will have gathered the required hydrogeological
information by the middle of 1984; however, the completeness of their data can
only be determined after analysis by Department hydrogeologists.

Drawdown of the groundwater level may impact drinking water wells in the
vicinity of the mine. Depending on location, depth, type and other
characteristics, certain wells may become dry or require modifications for
continued service. In some instances water quality may be adversely affected,
although not necessarily initially. For these reasons, the Department has
instructed Exxon to conduct a thorough well inventory and a well water
sampling program to determine the existing conditions of those wells likely to
be impacted.

This inventory of water wells will provide a basis for determining if or when
mine dewatering has impacted a given well. This will facilitate replacement
of water service, of equal or better quality, by Exxon for those wells
impacted by mine dewatering.

3. Wisconsin Pollutant Discharge Elimination System Permit

An integral part of the proposed project is the discharge of excess wastewater
from the mine/mi1l complex and the associated wastewater treatment facility.
Most of the wastewater from the tailings ponds and the reclaim ponds is
recycled directly back into the mill. A small portion of this water as well
as a portion of the contaminated mine water will be treated in the reverse
osmosis treatment facility to enhance water quality in the mill circuit. The
rest of the contaminated mine water will be treated in the lime precipitation
process and then mixed with the uncontaminated mine water before discharge to
Swamp Creek. An estimate 2000 gpm (3000 gpm max. flow) of treated
contaminated mine water combined with untreated, uncontaminated mine water
(intercepted groundwater) is proposed to be discharged through an underground
pipeline into Swamp Creek, southwest of Rice Lake. State law (Ch. 147,
Stats.) requires a Wisconsin Pollutant Discharge Elimination System (WPDES) .
Permit be obtained for the proposed discharge. State law (Ch. 144, Stats.)
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also requires approval of engineering plans for the proposed wastewater
treatment plant.

In December 1982, Exxon submitted the CHpM Hill Phase III Water Management
Study to the Department. This study provides part of the preliminary
engineering for the wastewater treatment facility. After a thorough review,
the Department requested that Exxon conduct pilot plant testing of certain
treatment processes. This work will help verify whether the proposed 1ime
precipitation treatment could achieve the desired effluent quality required
prior to discharge. The information would also be useful in writing those
sections of draft EIS pertaining to the wastewater treatment system, and would
aid the Department in its review of engineering plans and specification under
sec. 144.04, Stats. Exxon has initiated some pilot plant testing studies but
additional work may be necessary. Formal comprehensive preliminary
engineering plans have not yet been submitted.

In September 1983, Exxon submitted their WPDES permit application to the
Department. The Department reviewed the application for completeness and is
currently drafting portions of the permit. Effluent limitations will come
from two sources. The U.S. Environmental Protection Agency has promulgated
categorical effluent limits for cadmium, tercury, zinc, copper, total
suspended solids (TSS) and pH for mine/mill complexes such as that proposed at
Crandon. The second source will be water quality criteria proposed by DNR's
Bureau of Water Resources Management in April, 1984 for the effluent as per
ch. 144, Stats. These criteria are specific to Swamp Creek and ensure the
protection of fish and aquatic life as well as the continued recreational use
of Swamp Creek. As a result of the Department's stream classification for
Swamp Creek, the criteria and resultant effluent 1imits will protect all
aquatic organisms in the creek (the entire aquatic food chain). Criteria and
water quality based effluent limits for arsenic, barium, cadmium, fluoride,
lead, mercury, selenium, silver, copper, iron, zinc, chromium, cyanide, pH,
total dissolved solids and biochemical oxygen demand (BOD) were developed by

the DNR.
4. Air Quality Permit

Operation of the proposed Exxon Crandon Mine requires a permit for air
emissions from the Department. A number of pollutants (e.g., particulates,
sulfur dioxide, carbon monoxide, etc.) will be released during mining
operations. The estimated air emissions for each pollutant are less than

250 tons per year, thus the project is exempt from federal prevention of
significant deterioration regulations. This also means that the project would
be classified as a minor source under Wisconsin regulations.

Exxon and Department personnel have recently completed discussions on needed
changes in the air quality permit application and air impact analyses to be
prepared by Exxon. A number of changes were made to air pollutant emissions
and impact calculations based on Exxon's air pollution control changes and the
Department's review comments on impact assumptions and air pollution
calculations. As per the discussions Exxon is revising their air modeling
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computer analyses and will submit revised model runs of projected maximum
daily and average annual air quality impacts for particulates and other key
air pollutants. Following review and approval by the Department of the air
modeling results, Exxon will revise their air permit application for
resubmittal to the Department.

An additional subject to bhe addressed by Exxon involves further testing of the
tailings for asbestiform mineralization. Asbestos fibers are a known health
hazard, and while they have not been detected in the ore body waste rock, the
Department has requested additional testing by Exxon for confirmation.

It is anticipated that following asbestiform mineralization testing and
revision of their air permit application, Exxon will have submitted all the
required information to the Department for the air permit. If the information
received is acceptable, the Department should be able to make a preliminary
determination of the approvability of the application by late 1984. Actual
approval can only occur after the Master Hearing.

5. Mining Pernit

One requirement of the state mining law is that a mining permit be issued by
the Department of Natural Resources prior to the operation of a mine. Before
aranting the permit, the Department must examine all pertinent aspects of the
mining proposal, including review of mining plans and processes, construction
and operations aspects, economic impacts to the region, and reclamation and
closure plans. In addition, to determine compliance with the detailed
requirements of the statutes and Wisconsin Administrative Code, the Department
must: develop quality assurance requirements and data verification procedures;
assure that wetlands disturbance would be minimal; review the site selection
process for tailings disposal; and approve an environmental monitoring plan.
The Department's Mine Reclamation Section in the Bureau of Solid Waste
Management is responsible for administering the provisions of the state mining
law. Comment letters were sent to Exxon on their mining permit application
September 19 and October 20, 1983, and May 25, 1984, and review continues.

Master Hearing

The mine permit process culminates with a contested case hearing referred to
as the Master Hearing. At the Master Hearing, testimony is presented on
aspects of all DNR-required permits, licenses and approvals and on the
contents of the environmental impact statement prepared by the Department of
Natural Resources. Any person or agency (e.g., township, city, tribe,
individual, or group) whose interest may be adversely affected by the action
may become a participant in the Master Hearing. Based on the Master Hearing
record, decisions on the permits and possible permit conditions are rendered
in addition to a determination of whether the Department has complied with the
Wisconsin Environmental Policy Act in preparing the environmental impact
statement. Based on the information yet to be submitted by Exxon and the time
needed to prepare the environmental impact statement, the Department estimates
the Master Hearing could begin in late 1986 or early in 1987. It is possible
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this schedule could be advanced with timely resolution of all issues and early

submission of all required information.

Review of Exxon's Environmental Impact Report (EIR) and Preparation of DNR's
Environmental Impact Statement (EIS)

Exxon submitted the initial portions of their environmental impact report
(EIR) in December 1982. The purpose of the environmental impact report was to
provide a description of the project, to provide baseline information on the
affected environment, to discuss some of the alternatives considered by the
applicant in designing the project, and to provide some numerical analyses of
jmpacts. The Department is in the process of reviewing the EIR for adequacy
and has solicited and received public comments. When the Department
determines that sufficient information is available for its preparation of the
environmental impact statement on the project, the EIR is declared to be
"adequate."

The Department submitted detailed EIR comment letters to Exxon in May 1983 and
December 1983. Exxon has provided detailed responses to both of those EIR
comment letters and adequately addressed many of the comments and questions.
Additional letters to Exxon commenting on the EIR will be sent as additional
information is received and evaluated by the Department. While it is
uncertain when the EIR will be finally determined to be "adequate," the
current estimate is that this is likely to occur by May 1985.

The Environmental Impact Statement (EIS) is prepared in cooperation with other
state agencies but coordinated by the Department of Natural Resources. The
EIS includes much of the information in the EIR such as the description of the
proposed action and a description of the affected environment. However, the
EIS contains independent analyses of the potential positive and negative
impacts resulting from the project and an analysis of alternatives and their
impacts also. Before the final EIS is prepared, a draft EIS is circulated for
public and agency review. The Department is currently preparing the initial
portions of the draft EIS on those portions of the project for which adequate
information is available. While the exact date of completion of the draft and
final EIS are not known, the Department currently anticipates completing the
draft EIS in late 1985 or early in 1986 and the final EIS by approximately the
middle of 1986. These dates are tentative, and the draft and final EIS will
be written in a timely manner as soon as the required information is available

from Exxon.

Consultants Retained by The Department of Natural Resources

The proposed Exxon Crandon mine would have potential impacts on a variety of
Jocal and regional human and natural environments. Analysis of these
potential impacts is especially challenging because of the magnitude and
complexity of the project. Therefore, the Department of Natural Resources has
retained a number of consultants to help in the analysis of impacts of the
project as well as to verify the baseline data and analyses that Exxon has
gathered and performed.



—E-

The Department has developed contracts with the United States Geological
Survey, the Wisconsin Geological and Natural History Survey and a private
consultant to aid in reviewing the hydrogeological analyses and impacts of the
project. The Department has also asked the United States Geological Survey to
review work conducted by Exxon on wetlands. This review includes examining
the wetland hydrology model used to calculate wetland impacts, reviewing
stream flow characterization including low flow and annual flow calculations,
and aiding the Department in the analysis of the impacts of the wastewater
discharge to Swamp Creek.

A consultant was hired for soil chemistry analyses, which includes a review of
waste characterization studies, the contaminant attenuation capabilities of
the glacial material beneath the mine waste disposal facility, and to review
leachate testing. The purpose of the leachate testing is to determine the
nature of the contaminants 1ikely to be picked up by groundwater as it moves
beneath the tailings disposal area.

The Department hired a consultant to review and verify Exxon's work on nine
waste by-product marketing, especially sulfur, a component of pyrites in the
tailings. In addition, because the project would have noise and vibration
impacts on the local area, the Department also contracted with a consultant to
review Exxon's environmental impact report and other submittals by Exxon and
verify analyses of noise predictions. A socioeconomic consultant has been
retained to review the socioeconomic portions of the EIR and to help develop
the draft EIS and the final EIS.

These consultants will provide their expertise to the Department on specific
subjects and will aid the Department in preparing certain sections of the
environmental impact statement. They also will be available to provide
testimony on their particular area of expertise at the Master Hearing.

A11 costs incurred by the Department for preparing the environmental impact
statement, including the costs of environmental consultants for the Exxon
project, are reimbursed to the general fund (Section 23.40, Stats.) by Exxon.

Socioeconomics

Exxon has conducted socioeconomic studies in the region of the proposed mine.
The results of those studies are contained in two major documents, the “Report
on Current Conditions" (August 1981) and the "Forecast of Future Conditions"
(November 1983), as well as numerous supporting documents and appendices. The
report on the current condition in the region provides background information
on population, housing, personal income, employment and government and
services (e.g., schools, police and fire protection, roads, water supply and
wastewater treatment). The "Forecast of Future Conditions" is Exxon's
estimate of what changes may occur in the region with the development of the
mine and, in contrast, without the mine. The difference between these two
sets of estimates are Exxon's predicted socioeconomic impact of mine
development.
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The Department must arrive at its own estimate of what the potential
socioeconomic impacts would be. In doing so, the Department will use portions
of the Exxon "Future Conditions Report," as appropriate, but has retained a
socioeconomic consultant (Denver Research Institute) to carry the major
responsibility for developing the forecasts. This consultant will also review
the adequacy of the "Report on Current Conditions.”

The socioeconomic portion of the EIS will address the following major areas of
significant impacts: economics and business conditions; population, including
current residents and newcomers likely to be attracted by the mine; housing
and land use; government services; taxes; transportation; and sociocultural
concerns, including a discussion of the special impacts likely to be felt by
the Native Americans near the mine site.

Verification Activities of the Department

Verification is one of the important functions of the Department in evaluating
the adequacy of an Environmental Impact Report (EIR). The Department is
required by law to insure that the information included in the EIR is thorough
and provides adequate data for assessing the potential impacts of the proposed
action on the environment. The need for verification is particularly crucial
for a project of the size and complexity of the proposed Exxon mine because of
the types of impacts expected and the need to project lTong-term impacts in

some instances.

Information supplied by Exxon in the EIR and permit applications is being
verified in two ways. The first relies upon the professional judgement of
Department technical staff to determine adequacy. Most of the information has
been verified in this fashion. The second requires independent sampling and
quality control checks to assure the validity of the data. Various techniques
such as independent field surveys, split samples, laboratory and field
procedure inspections and the use of independent laboratories have been used.
Fisheries, surface water and groundwater quality and quantity, and soil
chemistry concerns have reauired extensive verification work by the
Department. In some of these areas, verification activities continue because
additional data are being gathered by Exxon.

Although the amount of verification depends on the subject, the overall goal
is to assure the accuracy of the data by a representative sample. When the
data from Exxon or their consultants have been independently verified, they
are then considered to be acceptable for use in the environmental impact
statement and for review of permit applications.

Public Input to Department Review of Exxon's Project

Throughout the Exxon project review, it has been the Department's objective to
involve the public to the maximum extent practical. By necessity, the
information exchange between the Department and the general public must be a
two-way exchange. It is the Department's responsibility to explain the permit
review and the environmental impact processes in the context of the project
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proposed. The permit review and environmental impact process are designed so
that members of the general public who may be impacted by the project and who
chose to become involved may do so in an effective manner and at the best
time. On the other hand, the input of municipalities, Native American tribes, 1
and the potential newcomers is essential in "scoping" the issues, that is,
identifying the important as well as unimportant concerns.

To encourage public input into the review process, the Department established
a network of 14 public libraries across the state where Exxon's environmental
impact report and associated consultant reports are located. In addition, all
significant correspondence and publications are routinely sent to the
libraries and will continue to be sent throughout the project duration. The
public libraries maintained as repositories are the public libraries located
in Antioco, Ashland, Crandon, Eau Claire, Green Bay, Hayward, Ladysmith,
Madison, Milwaukee, Platteville, Rhinelander (including Nicolet College),
Stevens Point, and Wausau. Complete Exxon file information is also available
for public use at both the Madison and Rhinelander Department offices. All
information in the Department's Exxon files is public information and
accessible to anyone during normal working hours.

Within the past year the Department conducted two public meetings in the
Crandon area where Department technical staff were present to answer questions
on the mining proposal. Periodically, North Central District staff and
Madison personnel have met with municipal leaders, local mining impact
committees, tribal leaders and individuals to discuss mining issues and their
concerns about the project. The Department will continue to hold both
official and informal meetings on a periodic basis or as requested in order to
maintain an effective project dialogue. Comments from the general public on
Exxon's consultant reports were requested, and when the draft environmental
impact statement is completed, comments will be requested again.

For further information from the Department contact:

For technical questions:

Rhinelander District Office Robert Ramharter
(715) 362-7616 Project Coordinator
(608) 266-3915

Citizen participation:

Gen Bancroft William Tans
(608) 267-7758 (608) 266-3524

4818Y




'. r State of Wisconsin DEPARTMENT OF NATURAL RESOURCES

Carrol! D. Besadny
Secretary

BOX 7921
MADISON, WISCONSIN 53707
- September 10, 1984 File Ret1 630
(Exxon)

Dear Librarian:

Exxon has provided the Department with the tollowing documents
pertaining to the firm's proposed Crandon Mine Project. They are
enciosed for the public's intormation. Please place them with the rest
of the Exxon Crandon Mine Project Environmental Impact Report (EIR)

material.
’ 1. RESPONSES TO DNR COMMENT LETTER DATED MAY 25 ON THE MINING PERMIT
APPLICATION, by Exxon, July 31, 1984.

2. ERRATA FOR AUGUST 1983 SUPPLEMENTAL WETLANDS ASSESSMENT REPORT
CRANDON PROJECT, by Interdisciplinary Environmental Planning, Inc.,
August, 1984.

Thank you for your assistance.

Sincerely,
Bureau of Environmental Analysis and Review

Carol Nelson
Environmental Specialist

enclosure



RESPONSES TO DNR COMMENT LETTER DATED MAY 25, 1984
. ON THE MINING PERMIT APPLICATION

Comment No. 1 (Comment 5):

The table of reclamation costs should be revised to use consistent units.
The first three pages (18-20) use english units while the following three
pages present the costs in metric units.

Why do the contingency amounts included in the reclamation costs vary from
5% to 39% of the total cost of reclamation for the various facilities?

There appears to be some lack of uniformity in the estimated reclamation
costs. Following are examples of apparent inconsistencies which should be
addressed.

1. Removal of the bituminous concrete pavement for the access road is
estimated to cost $2/yard, while pavement (asphalt and concrete) removal for
the mine/mill site is $5/yard.

2. The unit cost for turf establishment at the mine/mill site is estimated
at $2000/acre, while turf establishment at the MWDF is $2900/hectare
($1174/acre).

3. The estimated unit costs for the various activities, with the exception
of turf establishment, included in the reclamation costs of the MWDF vary

‘ from pond to pond.

Do the costs for the reclamation of the reclaim ponds include the costs of
removing and disposing of the liners, slope protection materials and sludge?

Do the regrading costs for the access road and railroad include removal of
fill material from the wetland areas located within these corridors?

Response:

The attached tables of reclamation costs have been revised to include both
English and metric units.

For these cost estimates the contingency amounts were varied according to
the nature of the reclamation work. Generally, a cost contingency range of
5 to 15 percent was used, depending upon the reclamation work. A cost
contingency greater than 15 percent was used for reclamation work with
larger uncertainties. For example, the mine/mill site area reclamation work
was assumed to have a higher degree of uncertainty and therefore a higher
cost contingency was used. For reclaim ponds Rl and R2, a higher cost
contingency was used because the cost of sludge removal was not included in
the original estimate.

The apparent inconsistencies in the various unit rates, are a result of
reclamation work of different nature. For example, bituminous concrete

. pavement removal for the access road represents only bituminous pavement for
a continuous stretch of highway approximately 4.0 km (2.5 miles) in length.



(TABLE FOR RESPONSE TO COMMENT NO. 1 [COMMENT 5])

TOTAL ESTIMATED RECLAMATION COSTS FOR THE CRANDON PROJECT
IN 1982 DOLLARS

Facility or Facility Group Reclamation Year(s)* Cost (KS$)
Access Road 29 $350
Railroad Spur 29 500
Haul Road and Tailings

Transport Corridor 29 100
Mine/Mill Site Area 27-29 8,000

Mine Waste Disposal Facility

Tailings Pond Tl 9 4,000
Tailings Pond T2 (Partial) 16 2,000
Tailings Pond T3 23 5,000
Tailings Pond T4 and T2 27-29 10,000
Reclaim Ponds Rl and R2 27-29 1,000
Excess Water Discharge System 29 10
Mine 27 300
TOTAL PROJECT RECLAMATION COST "§31,260

*Start Project Construction in Year 1.
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(SUPPORTING DATA FOR RESPONSE TO COMMENT NO. 1 [COMMENT 5])

Access Road Cost (K$)
Remove bituminous concrete pavement

37,625 m2 @ $2.39/m2 (45,000 yd2 @ $2/yd?) $90
Remove crushed aggregate base course

26,759 @3 @ $2.62/m3 (35,000 yd3 @ $2/yd3) 70
Regrading

83,612 m2 @ $0.60/m2 (100,000 yd? @ $0.5/yd?) 50
Vegetation (seed and fertilizer)

83,612 m2 @ $0.60/m? (100,000 yd2 @ $0.5/yd?) 50
Remove Swamp Creek Crossing Structure 50
Contingency (11%) 40

TOTAL ESTIMATED RECLAMATION COST $350

RECLAMATION COSTS

Railroad Spur

(Salvage value not included)

Remove track and ties

8,534 m @ $32.81/m (28,000 ft @ $10/ft) $280
Remove ballast and subballast

38,228 m3 @ $2.62/m3 (50,000 yd3 @ $2/yd3) 100
Regrading

66,890 m2 @ $0.60/m2 (80,000 yd? @ $0.5/yd?) 40
Vegetation (seed and fertilizer)

66,890 m2 @ $0.60/m2 (80,000 yd2 @ $0.5/yd?) 40
Remove Swamp Creek Crossing Structure 10
Contingency (6%) 30

TOTAL ESTIMATED RECLAMATION COST $500

(with no salvage value included)
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(SUPPORTING DATA FOR RESPONSE TO COMMENT NO. 1 [COMMENT 5] CONTINUED)

RECLAMATION COSTS Cost(kS)

Rock Haul Road and Tailings Transport Corridor

Buried Pipe Removal

Excavation - 3,823 m3 @ $2.62/m3 (5,000 yd3 @ $2/yd3) 10
Pipe Removal - 3,048 m @ $6.56/m (10,000 ft @ $2/ft) 20

Backfill and Cover with 0.15 m (0.5) Foot Soil

7,646 m3 @ $3.92/m3 (10,000 yd3 @ $3/yd3) 30
Regrading
25,084 m2 @ $0.60/m? (30,000 yd? @ $0.5/yd?) 15

Vegetation (seed and fertilizer)

25,084 m2 @ $0.60/m? (30,000 yd2 @ $0.5/yd?2) 15
Contingency (10%) 10
. TOTAL ESTIMATED RECLAMATION COST $100
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(SUPPORTING DATA FOR RESPONSE TO COMMENT NO. 1 [COMMENT 5] CONTINUED)

RECLAMATION COSTS

Mine/Mill Site Area

Building Demolition

707,921 m3 @ $3.53/m3 (25,000,000 ft3 @ $0.10/ft3)

Pavement Removal (asphalt and concrete)

83,612 m2 @ $5.98/m2 (100,000 yd2 @ $5.00/yd?)
Foundations/Slabs Removal

19,114 w3 @ $78.48/m3 (25,000 yd3 @ $60/yd3)
Pipe Removal

12,192 m @ $16.40/m (40,000 ft @ $5.00/ft)
Railroad Track and Tie Removal

3,048 m @ $32.81/m (10,000 ft @ $10.00/ft)
Site Regrading and Topsoil Replacement

214,075 m3 @ $3.92/m3 (280,000 yd3 @ $3.00/yd3)
Turf Establishment

40.47 ha @ 4942/ha (100 acres @ $2000/acre)
Contingency (27%)

TOTAL ESTIMATED RECLAMATION COST

MP-5

Cost (KS$)

$2,500.0

500.0

1,500.0

200.0

100.0

840.0

200.0

2,160.0

$ 8,000.0



(SUPPORTING DATA FOR RESPONSE TO COMMENT NO. 1 [COMMENT 5] CONTINUED)

RECLAMATION COSTS

Mine Waste Disposal Facility

Tailings Pond Tl
(Construction Phase 3)

Grading Cover

714,000 m3 @ $1.38/m3 (933,877 yd3 @ $1.06/yd3d)
Bentonite Seal

50,000 m3 @ $20.69/m3 (65,397 yd3 @ $15.82/yd3)
Overdrain

66,000 m3 @ $10.29/m3 (86,325 yd3 @ $7.87/yd3)
Cover Layer

304,000 m3 @ $1.76/m3 (397,617 yd3 @ $1.35/yd3)
Turf Establishment

53 ha @ $2900/ha (131 acres @ S1174/acre)

Contingency (15%)

Subtotal

Tailings Pond T2 (Partial Reclamation)

(Construction Phase 4)

Grading Cover

1,132,000 m3 @ $1.42/m3 (1,480,600 yd3 @ $1.09/yd3)

Turf Establishment (Partial)
15 ha @ $2900/ha (37 acres @ $1174/acre)
Contingency (18%)

Subtotal

MP-6

Cost (KS$)

$ 984.3

1034.4

679.4

534.0

153.7

614.2

$4000.0

$1601.9

43,5
_354.6_

$2000.0



(SUPPORTING DATA FOR RESPONSE TO COMMENT NO. 1 [COMMENT 5] CONTINUED)

Tailings Pond T3
(Construction Phase 5)

Grading Cover

928,000 m3 @ $1.53/m3 (1,213,778 yd3 @ $1.17/yd3)
Bentonite Seal

59,000 m3 @ $21.43/m3 (77,169 yd3 @ $16.38/yd3)
Overdrain

79,000 m3 @ $10.20/m3 (103,328 yd3 @ $7.80/yd3)
Cover Layer

360,000 m3 @ $1.84/m3 (470,862 yd3 @ $1.41/yd3)
Turf Establishment

55.5 ha @ $2900/ha (137 acres @ $1174/acre)

Contingency (14%)

Subtotal

Tailings Pond T4 and remaining T2 reclamation
(Construction Phase 6)

Grading Cover

1,071,000 m3 @ $1.55/m3 (1,400,815 yd3 @ $1.19/yd3)
Bentonite Seal

173,000 m3 @ $20.09/m3 (226,275 yd3 @ $15.36/yd3)
Overdrain

230,000 m3 @ $10.24/m3 (300,829 yd3 @ $7.83/yd3)
Cover Layer

1,053,000 m3 @ $1.50/m3 (1,377,272 yd3 @ $1.15/yd3)
Turf Establishment (Partial)

141.5 ha @ $2900/ha (350 acres @ $1174/acre)

Contingency (5%)

Subtotal

MP-7

Cost (K$)

$1424.1

1264.4

805.6

662.0

161.9

682.0

$5000.0

$1655.3

3475.8

2354.2

1584.0

410.4

520.3

$10,000.0



(SUPPORTING DATA FOR RESPONSE TO COMMENT NO. 1 [COMMENT 5] CONTINUED)

Reclaim Ponds Rl and R2

Regrading

402,000 m3 @ $1.29/m3 (525,796 yd3 @ $0.99/yd3)

Turf Establishment

30.0 ha @ $2900/ha (74 acres @ S$1174/acre)

Contingency (39%)

Sub Total

TOTAL ESTIMATED MWDF AND RECLAIM
POND RECLAMATION COST

Reclamation Costs

Excess Water Discharge System

Concrete plugs at pipe ends,

remove discharge structure and riprap,
regrade disturbed areas

Turf establishment as necessary

TOTAL ESTIMATED RECLAMATION COST

Reclamation Costs

Mine

Concrete plugs for the four shafts at
overburden/bedrock interface, backfill
to surface

TOTAL ESTIMATED RECLAMATION COST

GRAND TOTAL ESTIMATED RECLAMATION COST
(OVERALL CONTINGENCY 15%)

Cost (K$)

518.2

87.0

394.8

$ 1,000.0

$22,000.0

$ 10.0

$ 300.0

$31,260.0



The unit cost for the mine/mill site area pavement removal included asphalt
and concrete pavement removal at a higher estimated cost. The turf
establishment unit cost differences between the MWDF and the mine/mill site
are the result of a contractor estimate for the MWDF based on a much larger
job with assumed economies of scale for similar type operations throughout
the various stages of reclamation. Because the mine/mill area reclamation
work is for a more dispersed physical area it was assumed to have a higher
unit cost.

For the various earthwork related reclamation activities at the MWDF, the
cost differences are a result of the different haul distances from the
construction support area and stockpile area to the particular pond being
reclaimed. The reclamation costs are directly related to the hauling
distances.

For the reclamation cost estimate of the reclaim ponds, the contractors
estimate included costs for removing and disposing of the liners and all
slope protection materials. However, sludge removal was not included in the
initial contractor estimate; therefore, a higher contingency was used in the
estimated reclamation cost of the reclaim ponds.

The reclamation plan for the access road and the railroad did not include
removal of fill materials and restoration of wetland areas. The roadbeds
and embankments were left intact along both corridors.

Comment No. 2 (Comment 7):

The maps provided with this response should show the ponds or wetlands that
will serve as infiltration areas for water draining off the reclaimed
tailings ponds. These infiltration areas could affect existing wetlands
and/or create new wetlands.

Response:

Work is currently underway by Ayres Associates to determine a complete water
balance for the reclamation cap and the perimeter area of the MWDF within
the compliance boundary. This work will include maps that will show the
surface water movement through the 1200 foot perimeter zone and also depict
the water balances on a watershed-by-watershed basis. The maps prepared
with this work will be included with the revised Mining Permit Application.

Comment No. 3 (Comments 9 - 31):

(General) Exxon seems to dismiss many of the Department's comments
regarding monitoring. The comments were not merely suggestions on the
Deprtment's part. Rather, Exxon should meet with the various Department
programs to finalize the monitoring requirements. The final monitoring
plan, specifying all monitoring to be conducted by Exxon, must be made part
of the revised mining permit application. Following are some specific
comments related to the monitoring plan.

The surface water monitoring program (listed in Table 3, Section A, Volume I
of the Mining Permit Application) should be initiated at least one year
prior to construction to provide an adequate premining data base. Exxon



should specify when the surface water program would begin relative to the
construction phase. Also, chromium, barium and fluoride should be added to
the list of parameters to be sampled for in Footnote #1, Table 3 of

Section A.

Response:

Exxon did not dismiss any of the DNR's comments regarding monitoring. As
was discussed with the DNR staff at a meeting on June 27, 1984, the
Monitoring and Quality Assurance Plan (Monitoring Plan) was developed
considering the most appropriate and cost—-effective methodology which could
be used to determine Crandon Project related impacts. As was also discussed
with the DNR on June 27, all of the Department's comments were considered;
however, as was noted at the meeting, the basic programs of the Monitoring
Plan provide data to evaluate Project effects.

As was also discussed at the June 27 meeting, we will continue to meet with
the appropriate DNR staff to finalize the monitoring requirements. A
revised Monitoring Plan incorporating all agreed changes will then be
submitted to the DNR as part of the revised Mining Permit Application.

The surface water monitoring program will be discussed with appropriate DNR
staff as soon as possible. The revised Monitoring Plan will include the
changes for parameter analysis as well as program initiation.

Comment No. 4 (Comment 10):

The Bureau of Water Supply is currently developing a plan for a water well
survey, well water quality sampling and quality control/quality assurance
provisions. Any provisions of the plan for pre-mining sampling and sampling
during operation must be included as part of the revised monitoring plan.

Response:

Exxon is currently conducting a sampling program with the advice of the
Bureau of Water Supply. We will continue to work with this Bureau's staff
to develop the necessary monitoring program for the construction and
operation phases. The appropriate changes will be included in the revised
Monitoring Plan.

Comment No. 5 (Comment 12):

Some monitoring will likely be required for the preproduction ore storage
area. These requirements will be determined after the plans for this
facility have been submitted to the Department.

Response:

Comment acknowledged.

Comment No. 6 (Comment 13)

Department staff feel quite strongly that Oak Lake should be included in the
surface water monitoring program. Oak Lake is a valuable resource with
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excellent water quality and deserves protection. Due to its proximity to
the orebody, Oak Lake could be impacted. During the construction phase, the
existing soil structure around the mine-mill complex will be disturbed.
Since the natural drainage to this area is to Oak Lake, the Project could
affect the lake. 1In addition, since Oak Lake is very near the orebody,
potential impacts from airborne contaminants may also exist.

Further, the potential impacts to Oak Lake due to mine dewatering have not
been determined. The expanded hydrogeological program currently being
conducted by Exxon includes sediment sampling, water budget preparation and
piezometer installation beneath Oak Lake. Until these data have been
received and reviewed, this response is considered to be incomplete.

Response:

As was discussed at the June 27, 1984 meeting, we also consider Oak Lake as
being a resource with excellent water quality. However, our review of the
surface water drainage patterns indicated only a small portion of the
watershed would be affected by development of the mine/mill complex with no
direct impact to Oak Lake. Similarly, air quality modeling predictions
indicated no effect from airborne contaminants to Oak Lake.

However, we will continue to work with the DNR staff to develop an
appropriate monitoring program for Oak Lake if it is deemed necessary from
evaluations of the recent sampling and ground water modeling predictions.

Comment No. 7 (Comment 17):

The predicted limit of the ground water drawdown zone of influence may
change in light of additional ground water modeling efforts and field data
from the hydrogeological program. For example, the use of a zero recharge
area northeast of Rolling Stone Lake in the model and the use of Rolling
Stone and Pickerel Lakes as "no-flow" boundaries in the model, all affect
apparent drawdowns in this area. Additional model simulations and
additional field data are necessary to determine water level effects in this
area of the Project. Therefore, this response is not adequate and flow
monitoring of these surface water bodies may still be necessary.

Response:

Comment acknowledged. However, the ground water program in the Monitoring
Plan will have sampling locations to detect ground water changes which might
affect Rolling Stone Lake and its tributaries long before they would be
determined from sampling stations at these water bodies.

Comment No. 8 (Comment 23a):

This response is inadequate. There is no discussion of the sampling
rationale presented for the sites on Swamp Creek associated with the
wastewater discharge (sites U, A, DS). Additional surface water monitoring
below the proposed discharge location in Swamp Creek and in the Wolf River
may be required at the time of start-up of mine operations. The parameters
to be monitored would reflect the list of pollutants identified in the WPDES
permit.
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Response:

. As agreed at the June 27, 1984 meeting, we will continue discussions with
the DNR staff on the surface water monitoring program. A detailed rationale
for the appropriate program will be included in the revised Monitoring
Plan.

Comment No. 9 (Comment 23b):

This response indicates that copper will be one of the measured parameters
for the lake sampling program, but copper is not included on Table 3 of the
monitoring plan. The department feels that copper should be included in
addition to several other parameters such as dissolved oxygen, phosphorus,
and additional heavy metals.

The Department does not agree with Exxon's response regarding biological
monitoring. Biological monitoring is an important tool in detecting changes
that may occur in the aquatic environment as a result of the mining
activity. Biological parameters should not be secondary to
physical-chemical parameters for detecting environmental changes as Exxon
has indicated. Monitoring of the biota can frequently reveal sensitive
changes occurring in the environment that chemical monitoring may miss.

Exxon should attempt to conduct spring and fall lake sampling during
isothermal lake conditions (“turnover"”) to provide meaningful data.

As discussed under Comment 13, Oak Lake should be included in the lake
‘ monitoring program.

Response:

All of these comments will be discussed further with DNR staff to develop an
appropriate surface water monitoring program. The rationale for the agreed
program will then be detailed in the revised Monitoring Plan.

Comment No. 10 (Comment 23c):

This response indicates that several metals will be included in the sampling
schedule, but these metals don't appear on Table 3. What parameters are
actually included in the lake monitoring program?

Also, for shallow basins such as Skunk Lake, the criteria for deciding
whether to sample at mid-depth or at several depths should be based on
measurable data like temperature and dissolved oxygen profiles. If a lake
is thermally stratified, then samples at the different depths are necessary.
If no stratification is indicated, then single depth samples would suffice.

Response:
As mentioned previously, we will continue discussions with DNR staff to

develop an appropriate surface water monitoring program. The rationale and
any changes will be detailed in the revised Monitoring Plan.
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Comment No. 11 (Comment 23d):

‘ As discussed under Comment 23b the Department disagrees with Exxon's
position on biological monitoring. The Department still feels that secchi
depth and total-P should be included in the sampling schedule. Phosphorus
is one of the most important parameters for lake quality assessment,
especially during spring and fall turnover periods and secchi depth
measurements would provide a comparative measure of water clarity throughout
the monitoring period with a very minimal amount of effort required by field
personnel.

Response:

As discussed at the June 27, 1984 meeting, we do not contemplate nor have we
proposed having any discharges with phosphorus concentrations. Therefore,
secchi depth and total-P measurements are not proposed for the surface water
monitoring program since there is no rationale for what Project activity
would effect these parameters. However, as mentioned previously, we will
continue discussions with DNR staff to develop an appropriate surface water
monitoring program. The rationale and any changes will be detailed in the
revised Monitoring Plan.

Comment No. 12 (Comment 23g):

Any outlets for sedimentation ponds serving the mine/mill site should be
located on Figure 4 of the monitoring plan.

. Response:

The outlets for the sedimentation ponds serving the mine/mill site will be
shown on the appropriate figures of the revised Monitoring Plan.

Comment No. 13 (Comment 26):

Exxon responded to this comment under Comment 23, and as stated above, the
Department does not agree that biological parameters are secondary in
importance to physical-chemical parameters for detecting environmental
changes. Chemical monitoring indicates instantaneous conditions compared to
biological indicators which will reflect short-term fluctuation which could
be missed by a monthly monitoring program. There is also the possibility
that the monthly monitoring parameter list may not include something that
could affect the biota, and the only way to detect this change is through
monitoring the biological parameters. This would especially be true of
streams.,

Response:

We did not respond that biological parameters were secondary in importance
to the physical-chemical parameters for detecting environmental changes.
However, as your comment indicates, chemical monitoring does indicate
instantaneous conditions and changes which may or may not have some effect
on the biological components of the ecosystem. It is doubtful that Project
‘ effects could be related to any biological population differences unless
some physical-chemical parameter indicated a change from current conditions.
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Therefore, the submitted Monitoring Plan and our earlier responses to your
comments indicated our concern to detect these changes first and
immediately, before undertaking a general or wide-ranging biological
monitoring program.

However, as mentioned previously, we will continue discussions with DNR
staff to develop an appropriate surface water monitoring program. The
rationale and any changes will be detailed in the revised Monitoring Plan.

Comment No. 14 (Comment 27c):

It is stated in this response that three macroinvertebrate taxa may be
selected for tissue analysis. What is the rationale behind the selection of
these particular species? Consideration should be given to factors like the
proximity of test species to the sediment, and the known ability of certain
species to bioaccumulate metals.

Response:

The macroinvertebrate taxa identified for tissue analysis included crayfish
(Orconectes spp.), clams (Fusconaia sp. or Lampsilis spp.) and snails
(Campeloma sp.). These taxa were selected because they occur in Swamp Creek
in the vicinity of the proposed discharge site and are present in sufficient
numbers to allow collection of an adequate sample for tissue analysis.

Selection of representative taxa for tissue analysis, other than those
identified above, will be done in conjunction with DNR staff. 1In the final
selection of taxa, consideration will be given to habitat affinity of each
taxon and the known ability of the species to bioaccumulate metals as
reported in the literature.

Comment No. 15 (Comments 28, 29 and 30):

Exxon must prepare and submit complete, detailed construction and operation
phase air monitoring plans as outlined by the Air Monitoring Section. These
plans will be part of the overall monitoring plan contained in the mining
permit application. The air permit application should contain a summary of
the air monitoring plans and reference the detailed monitoring plans which
will be part of the mining permit application. A determination of the need
for asbestiform fiber monitoring will be made following review of the
results of the recent testing program.

Response:

We have discussed construction and operation phase air monitoring programs
with the Bureau of Air Management, including the Air Monitoring Section.

The agreed air monitoring program will be included in the revised Monitoring
Plan as part of the Mining Permit Application. The Air Permit Application
will include the appropriate sections from the Monitoring Plan. We will
discuss the need for asbestiform fiber monitoring with DNR staff after
completion and evaluation of the current testing program.
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Comment No. 16 (Comment 31):

. The results of DNR wildlife monitoring programs will probably not show any
significant impacts as a result of the project since these studies are
regional in nature, and the impacts should be relatively local. Additional
evaluation by the Department, of the need and procedures for wildlife
monitoring is necessary and these findings will be provided to Exxon at a
later date.

Response:
Comment acknowledged.
Comment No. 17 (Comment 32):

The net worth test method of providing proof of owner financial

responsibility can only be used to satisfy the long-term care requirements
for the MWDF. The costs associated with closing the MWDF must be made part
of the reclamation bond as specified in section NR 182.16, Wis. Adm. Code.

Response:
Comment acknowledged.
Comment No. 18 (Comment 45):

In general, the response to this comment is adequate. Obviously, more

' detail regarding mine drainage and dewatering will have to be included in
the high capacity well and mine dewatering approval. The interceptor system
ground water monitoring plan should be specified. Plans should also be
included for alternate discharge in the event this "clean” water source is
found to be contaminated. The additional data collection and modeling
efforts may also change some of the assumptions incorporated into this
response.

Response:
Comments acknowledged.
Comment No. 19 (Comment 49):

A, Up to this point, essentially no detail concerning the preproduction
ore storage area has been provided. Details of the design,
construction, operation, and reclamation of this facility must be
discussed.

B. Any use of this facility for purposes other than preproduction ore
storage (e.g., ore surge area or concentrate storage) must also be
thoroughly described.

Response:
' A. The preproduction ore storage area is designed and constructed with a

liner system similar to the tailings ponds (Figure 1) and a peripheral
drainage ditch with a permanent collection basin and a sump (Figures 2
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(FIGURE 1 FOR RESPONSE TO COMMENT NO. 19.)
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and 3). This drainage basin volume is based on the following
criteria:

Water capacity is based on 25-year, 24-hour storm
Freeboard - 1.0 m

Sediment depth = 1.0 m

Runoff/rainfall ratio of 1.00

With the above criteria, the basin volume not including freeboard and
sediment volume equals 3,460 m3. This arrangement will ensure that
any precipitation will be captured and treated.

Operation of the preproduction ore pad is expected to commence in month
22 of the construction phase. Uncrushed (run-of-mine) ore will be

hoisted from underground and hauled to the pad.

The haul and storage schedule is planned as follows:

Construction Month Ore Stockpiled (metric tons)
22-32 62,000
33 27,000
34 58,000
35 79,000
36 85,000
37 86,000
38 87,000
39 88,000
40 95,000
41 74,000
42 -31,000 (withdrawn and processed)

The maximum amount of ore stockpiled at any time is expected to be
741,000 t (815,100 short tons) at month 41.

Ore will be withdrawn from the stockpile using front-end loaders and
loaded into trucks for haulage to the mill.

These trucks will discharge the ore to a temporary primary crusher,
which will crush the ore prior to its being conveyed into the coarse
ore storage building.

Withdrawal of ore from the preproduction ore stockpile will begin in
month 41 of the coanstruction phase. The preproduction ore stockpile is
expected to be depleted by month 18 of the operation phase. Monthly
rates of ore withdrawal will depend on mine production rates and will
range from 7,000 to 60,000 t (7,700 to 66,000 short tons) per month.

Reclamation of the facility will include the removal and disposal of
the liner system in the tailing ponds. The remaining surface will then

be graded, topsoiled, and revegetated.

See Comment No. 34 (Comment 121).
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Comment No. 20 (Comment 59):

The response indicates that there is no longer a need to provide large
volume surge storage capacity for backfill sands. Exxon should more clearly
describe how the mine plan was revised so that the backfill sands storage
area is no longer needed.

As discussed in relation to Comment 49, greater detail is needed for the
description of the preproduction ore storage area.

Response:

The need for storage of backfill sands was based on a preliminary mine and
mill plan. This plan envisioned the start of the underground stoping
operatien after the completion of the primary underground crusher. This, in
turn, meant that when the mill started (at the same time underground stoping
started), there was no space underground to receive the backfill material.
Storage area was, therefore, provided for this early backfill product along
with receiving the intermittent quantities that could not be immediately
utilized underground at other times during mine operations.

A revised mine/mill plan has been developed to allow the mill to begin
concentrate production earlier and provides for an empty stope underground
to receive backfill when the mill starts operation. This will be
accomplished by mining the first two underground stopes during the last six
months of underground construction. This preproduction ore, along with the
mine development ore (i.e. drifts), will be stockpiled on the preproduction
ore storage pad. In addition, an allowance for a small amount of backfill
surge capacity in the concentrator building eliminates the need for a large
storage area for backfill sands. The revised plan has the added advantages
of shortening the haul distance between the main mine shaft and the
preproduction ore storage pad (i.e. rather than storage at the MWDF as
originally proposed) and reducing the traffic in the MWDF area.

Comment No. 21 (Comment 62):

What will be done to control dust emissions from the soil processing plant?

Response:

The soil processing plant will have an associated air pollution control
system which will include either a baghouse or insertable collector for
particle retention., The revised air permit application will include this
information as discussed with the Bureau of Air Management. For further
information, see Appendix B of the submitted air permit application and
response to comment E4 of the January 24, 1984, letter to Mr. Steve Klafka
of the Bureau of Air Management.

Comment No. 22 (Comment 66):

A. Will the entire length of each pipeline be constructed and leak tested
under pressure, with clear water, prior to backfilling or will they be
constructed, tested and backfilled in segments?



Response:

A.

The last paragraph on page 79 indicates that the tailing pipeline will
be subjected to periodic scheduled shutdowns. What is the expected
frequency and duration of these shutdowns? Will they necessitate total
mill shutdown?

Exxon states in the sixth paragraph on page 80 that a pipeline break

could be cause for complete plant shutdown. If the mill remains in

operation, what is done with the tailings?

More information is needed concerning leak detection for the tailings
pipeline. Where, along the line, will flow rate monitoring devices and
pressure gauges be located? Approximately what magnitude leaks are
actually detectable using the proposed system? How is it determined
where a failure (total and partial) has occurred and hence where to
initiate clean-up measures?

The opportunity exists to test the pipelines before or after
backfilling and to test them as a complete system or in segments.
Further details of the construction and testing procedures will be
developed during detailed engineering.

The tailings pipeline is part of a continuous system which includes the
grinding mills, flotation plant, tailings thickener, tailings disposal
pipeline and its associated pumps.

When a mill shutdown is scheduled for major repairs or because of a
shortage of ore, the entire system including the pipeline is shutdown.
The tailings pipeline would be flushed with water before it is
shutdown. We do not know what the frequency of any shutdowns will be.
During the early days of mine and mill operation the frequency may be
greater than in later years since increased operating experience should
reduce shutdowns.

For preliminary design purposes, it was assumed that overall
availability of the grinding, flotation and dewatering operation was 95
percent. The annual shutdown duration, based on experience, is 18 days
per year, or an average of 1.2 hours per day (i.e., 360 days of mill
operation). However, we do not know how this shutdown time might be
distributed over an operating year.

Under certain circumstances it is possible that the milling plant could
be shutdown and tailings continue to be pumped from the tailings
thickener. However, the tailings thickener has limited storage
capacity. It is also possible for the tailings pumping system to be
shutdown while the plant continues operations. Tailings could be
stored in the thickener for a short time, It is unlikely that more
than an hour's capacity is available in the thickener under normal
operating circumstances.

A pipeline break would be cause for a plant shutdown. The tailings

thickner has insufficient capacity to sustain operations for more than
one hour at full mill production rate.
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D. Flow rate measuring devices will be located near the thickener
underflow pumps in the plant area and on or near the point of
discharge. Volumetric flow rate at the beginning and end of the
pipeline could then be monitored continuously. A difference in
entering and exiting flow rates would indicate that a leak had
occurred.

This will be augmented by installation of additional pressure sensing
or other instrumentation located at appropriate points along the
pipeline. Specifics of these will be developed during final
engineering. They would be expected to identify significant leaks
(i.e., 10 to 20 percent of flow rate).

Comment No. 23 (Comment 71):

Which of the four specified disposal options for the sodium sulfate
by-product from the water treatment plant is preferred by Exxon? Whichever
it is, they should make it part of the proposal and discussion. Any
proposal which involves disposal at the mining site must be described in
considerable detail and could require a separate approval.

Response:

The preferred option which is discussed in some detail in response to
comment No. 71 is to market the sodium sulfate by-product to Kraft paper
mills either directly or through a broker. There is sufficient time during
mine development, prior to production, to evaluate the marketability of
sodium sulfate and develop the details for on-site disposal, if necessary.

A separate area within each tailings pond would be provided to segregate and
isolate the sodium sulfate from the tailings, if this by-product cannot be
marketed.

Comment No. 24 (Comment 72):

Exxon states that details for the disposal of the reclaim ponds sludge have
not been determined and then they proceed to describe how the sludge could
be applied to the final tailings surface of Pond T4. If this is the
preferred disposal method, it should be made a definite proposal and should
be discussed in greater detail in this response and in any discussions
concerning closure and reclamation of Pond T4.

Response:

As part of the reclamation plan, the synthetic liners for the reclaim water
ponds will be removed. Prior to doing this, however, settled matter that
will have accumulated in the ponds will be recovered by a suction dredge and
pumped to the tailing pond. If necessary, this could also be done during
operations without interfering with the operation of the reclaim ponds or
tailing pond.

There are a number of lagoon pumpers available on the market and there are
also reliable pond pumping services available under contract. Since the
need to remove settled material from the reclaim ponds will be infrequent
and most likely performed only once, this will likely be done as a contract
service. If the sludge is dense and compact, suction pumps with cutter
heads may have to be used. If the material is soft settling, a simple
suction pump would be used.
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Comment No. 25 (Comment 76):

. There is concern for the type of liner used to contain fuel spills. Not all
synthetic materials are compatible with diesel or gasoline fuels. More
detail should be provided on the 60 mil spray-on elastomeric liner detailed
on the referenced plan sheet.

Response:

We are continuing to evaluate liners for this application. The spray-on
elastomeric liner initially envisioned, such as Chevron's CIM system, is not
recommended for permanent storage of fuels or other hydrocarbons; however,
they are used for installations similar to this where they would only have
temporary short-term contact with fuels. We are also evaluating different
coatings that could be added to the system to be fully compatible with the
fuel and we are evaluating alternate material membranes that are installed
and seamed in the field as opposed to being sprayed on. Additional
information will be provided when all of this material has been evaluated.

Comment No. 26 (Comment 78):

A more detailed summary of the potable water facilities should be included
in the mining permit application with reference to the high capacity well
approval.

Response:

‘ A more detailed summary of the potable water facilities will be included in
the revised Mining Permit Application and reference will also be made to the
High Capacity Well Permit Application.

Comment No. 27 (Comments 92 and 93):

This response indicates that monitoring boreholes will be provided during
shaft construction. Exxon should discuss the construction, general spacing,
and abandonment procedures for the monitoring boreholes and additional
detail on how the monitoring will be conducted. This monitoring program
should be included in the monitoring plan of the mining permit application.

Response:

Temperature monitoring boreholes will be provided at each shaft collar
freezing site for the purpose of recording temperatures at 6 m vertical
increments. The temperature data, recorded at least daily, will be used to
estimate the thickness of the freeze wall at any time. The monitoring holes
will be drilled at least 5 m (16 feet) into bedrock. Each site will have a
minimum of two temperature monitor boreholes located on the designed outer
perimeter of the freeze wall. They will be separated at least a quarter
circle. If the freeze hole survey has shown that two adjacent holes have
deviated up to the limit, the monitor hole would be placed midway between
them but still on the outer ice wall perimeter. The monitor hole could then
be used as a freeze hole itself if the area between those two holes did not

. freeze properly.
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The typical temperature monitor borehole system will be constructed as
follows:

1. After the monitor holes are drilled and surveyed, a nominal 10-15 cm
(4-6 inches) steel pipe with the lower end capped will be placed in the
hole. It will be pressure tested and must show no loss in pressure over
a 6-hour test period when subjected to a gauge pressure of 2000 k Pa
(290 psi).

2. The hole annulus will be filled with high viscosity fresh water drilling
mud.

3. The inside of the pipe will be filled with salt gel drilling mud with a
freezing point within the range -10 C (14 F) to =15 C (5 F).

4. Thermocouple or thermistor temperature elements will also be inserted at
6 m (20 feet) vertical intervals inside the pipe.

An internal pressure relief hole located at the center of the shaft will
also be installed and similarly instrumented for temperature measurements
until the shaft collar excavation is started. It differs in construction
from the other temperature monitor holes in that it contains a casing
perforated above the bedrock level which enables it to be used to check
ground water level until it freezes, as well as temperature. Once
excavation starts, it is no longer of any use.

Abandonment of the freeze monitor holes is similar to abandonment of freeze
holes and is accomplished in the following manner, after thawing has
occurred:

1. The salt gel drilling mud will be pumped and collected from the pipes
and removed from the site for disposal or reuse. The pipes will be
flushed with clean water.

2. The pipes will be perforated in the lowermost 3 m (10 feet) of their
length. Measurements of the rate of decline of the water level inside
each perforated pipe will be kept until the level approximates the
ground water table level. Each pipe will then be filled with a 1:1
cement grout by placing an inner feed pipe to the bottom and introducing
a volume of grout equal to the pipe volume. Top of grout level will be
recorded and each pipe will finally be filled to surface after the
initial volume has set.

3. These monitoring boreholes are a part of the counstruction process rather
than for the purpose of environmental monitoring. Therefore, we do not
believe it would be appropriate to include these boreholes in the
Monitoring Plan.

Comment No. 28 (Comment 101):

The figure submitted in support of the response adequately delineates the
route from the Woodlawn Siding to the MWDF to be used by trucks hauling
bentonite for liner comstruction. Is the route along existing town roads or
does Exxon have to obtain easements? If the latter, the route will be
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considered part of the mining site and as such, a final use for the road
must be discussed. If the route is along unpaved roads, the potential for
dust generation should be discussed along with any preventive measures to be
implemented.

Response:

Bentonite for liner construction will be transported from the Woodlawn
Siding on the Soo Line to the MWDF by cement tanker trucks. The route
consists of approximately 3 km (2 miles) of unimproved private gravel road,
approximately 6 km (3.5 miles) of unpaved town roads, and about 0.8 km (0.5
mile) of paved County Trunk highway. Exxon will obtain an easement for the
use of the gravel road from near Jungle Lake to the Woodlawn Siding from the
surface property owner. The use of this existing road will require only
grading and compaction. Upon completion of the need for hauling from
Woodlawn Siding, (i.e., when the railroad spur line is completed) the road
will be left in its improved condition for use by, or at the discretion of,
the surface owner.

As most of the proposed haul route is along unpaved roads, water will be
used as a suppressant to prevent the potential for dust generation by truck
traffic. Water will be applied by a truck similar to that used on typical
highway construction projects for dust suppression.

Comment No. 29 (Comment 96):

Will the ground water interceptor drill holes be plugged once mining ceases?
A diagram of a typical grout well, showing diameter, method of construction,
grouting, etc. should be provided. When and how will these holes be
abandoned?

Response:

Drill holes located in the uppermost active mining levels to intercept and
contain inflowing ground water prior to potential contamination by contact
with the mining processes will typically be outfitted as indicated on Figure
1. Such drill hole collar manifolds will facilitate ground water
collection, provide for ground water inflow monitoring, and ultimately serve
as the preparation for drainage hole abandonment.

Actual ambient quality ground water collection will be from exploration or
specific interception drill holes developed from normal mine access or
designated mine water control drifts. These holes will be typically
arranged in a conical fan above the drifts (Figure 2), increasing the
effective radius of the adit as a line sink drain. As is common mine
practice, each water producing hole will be collar sealed and equipped with
a pipe manifold.

Initial ground water interceptor holes from the 230 m (755 feet) mine entry
level will likely be cement grouted as they are abandoned when mining
proceeds upward toward the crown pillar. Interceptor holes on the final
uppermost mining levels beneath the permanent ore body crown pillar will be
systematically abandoned and grouted during mine depletion and reclamation.
Long-term site environmental security will be best served by closure of the
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interceptor drains even though the bedrock is not considered a functional
. part of the local ground water regime.

Comment No. 30 (Comment 108):

More detail concerning the temporary reclaim pond to be used during the
operation of the pilot plant is needed. Information on the pond's capacity,
liner specifications, and construction, operation and reclamation procedures
should be provided. 1Is retention in the reclaim pond the only water
treatment that will be available at the time of the pilot plant operation?

Response:

Present plans do not include a separate water reclaim pond for the pilot
plant., Tailings produced in the pilot plant will be collected in a concrete
trough to be located just south of the pilot plant facility (i.e, core
storage building). The trough will be approximatley 42.7 m (140 feet) long,
3 m (10 feet) wide, and 3 m (10 feet) deep at one end. The trough will be
constructed such that water will drain from the tailings into a reclaim sump
at the east end of the trough and be pumped into a 7 m° (247 cubic foot)
water tank inside the pilot plant building. The location of the concrete
trough to serve as a tailing launder and water decant facility is shown on
the attached Figure 1.2-21. The trough is capable of holding 184 m3 (6500
cubic feet) of settled tailings. The drained tailings will be removed from
the concrete trough with a small loader and placed in a dump truck for
haulage to the lined waste rock disposal area at the MWDF. When the trough
. is no longer needed, it will be removed and the area will be regraded.

Any excess water will be transported to reclaim pond Rl which will be in use
at the time the pilot plant is operated. The water treatment plant will be
in operation to treat mine water before the pilot plant is operated.

Comment No. 31 (Comment 110):

The plans and specifications for dust collection and ventilation for the
testing and training facility will be reviewed when they are submitted.

Response:

The preliminary engineering for the Pilot Plant (i.e., testing and training
facility) is complete and a schematic drawing of the facility arrangement is
attached (Figure 1). Process rates and resultant TSP emission rates for
various steps in the process were determined and indicate that ventiliation
ducting and collecting are not warranted. Adequate control will be realized
from enclosure or water spraying at dust emitting points in the process.

The TSP emission estimates are also attached (Table 1).

Comment No. 32 (Comment 117):
The response indicates that in the case of a backfill shortage, sand or
crushed rock would be used to supplement the normal backfill material.

Where will the sand or crushed rock be obtained? Did Exxon consider using
. other environmentally suitable material to supplement the backfill?
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(TABLE 1 FOR COMMENT NO. 31)

Mine and Mill Surface Facilities Construction Emission Estimates

Pilot Plant - Crushing and Handling of High Moisture Ore
for Metallurgical Testing

Emission Factor and Source: AP-42, Table 8.23-1

TSP - Primary Crushing - 0.01 kg/t

- Secondary Crushing 0.03 kg/t

- Handling and Transfer 0.0005 kg/t
Process Rate:  43.2 t/day, 3,000 t/yr
Control Method and Efficiency: Skirting Enclosure and Water Sprays
Example Calculation:
Daily - 43.2 t/day x 0.01 kg/t = .43 kg/day
43,2 t/day x 0.03 kg/t x = 1.30

43,2 t/day x 0.005 kg/t x 8 = 1.73
3.45 kg/day

Yearly - 3,000 t/yr x 0.0l kg/t + 1,000 kg/t = 0.03 t/yr
3,000 t/yr x 0.03 kg/t + 1,000 kg/t = 0.09 t/yr

3,000 t/yr x 0.005 kg/t + 1,000 kg/t = 0.02 t/yr

0.14 t/yr

Total Yearly Emissions = 0.15 st/yr

Activity to start by the end of month 25.
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Response:

The Crandon mine stopes are to be backfilled with classified (deslimed) mill
tailings. Approximately 50 percent of the mill feed tonnage can be prepared
as backfill with suitable drainage characteristics. Average backfill
production combined with underground retention and use of mine development
waste rock will satisfy the normal mine backfill demands. However,
shortfalls of backfill tailings material could result from unanticipated
operational events. These might include:

1. Periods of lower recovery of backfill sized materials compared to fine
tailings resulting from changes in ore composition; and

2. Interruption of mine backfill operations, followed by a demand period in
excess of the backfill plant capacity.

In these cases or others, it may be necessary to supplement normal
classified tailings backfill production with glacial sand or crushed waste
rock. The surface mine backfill preparation facilities will be designed
with provisions for the future addition of equipment to supply additional
materials. This equipment could include crushing, screening, and washing
gear for recycling hoisted mine waste rock, or simply bins and coanveyors to
facilitate the addition of commercial sand trucked to the site from local
sources.

At one time, power plant fly ash was also considered for use as a potential
backfill material. Although this waste product had some attractive
technical characteristics, there was no source within economical
transportation distance of the mine site. No other materials have been
seriously evaluated as potential sources of mine backfill.

Comment No 33 (Comment 119):

A. Exxon should outline what measures will be taken to assure adequate
drainage of backfill, including a discussion of the bulkhead design,
placement of coarse material above the bulkhead, and the installation of
any drainage pipes.

B. Discuss the estimated permeability of uncemented backfill and cemented
backfill.

C. Exxon should also discuss what the effects of failure of a backfilled
stope would be in terms of safety and the overall impact on the mine
operation. Discuss the potential failure of a backfilled stope as a
result of blasting in an adjacent stope and the impact of such a
failure.

D. Further, at some point, Exxon is going to have to address how the
backfilled mine behaves hydrologically and allay concerns that the mine
itself could act as a source of pollutants to the ground water contained
in the overlying glacial aquifers.
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Response:

A.

Please provide the following documents prepared by J. D. Smith
Engineering Associates Limited:

1. Rock Mechanics Testing and Engineering of Large Diameter Core

2. Testing of Conventional, Pyrite Concentrate, and Pyrite Slimes
Backfill Materials.,

Backfill bulkhead specifications will depend on stope block geometry and
fill placement plans. Generally, the preparation for backfilling a
depleted conventional sublevel blasthole stope will consist of
constructing fill retaining bulkheads in all stope entries. Bulkhead
design will vary with stope position and backfill type. Although some
hydrostatically competent concrete bulkheads will be used early in the
mine life until full scale fill performance can be measured, wooden
controlled drainage structures (Figure 1) will be more typical during
normal mine operations.

Bulkheads will be equipped with backfill water drainage devices - cloth
wrapped slotted pipes commonly known as "mousetraps.” Water percolating
to the stope bottom through uncemented backfill will exit through these
bulkhead pipes or the wooden structure itself. The area immediately
behind the bulkhead may be dry filled with clean sand to prevent
mousetrap blockage by migrating backfill fines. All backfill seepage
water will ultimately drain to the main mine sumps for discharge to the
surface.

In the case of stopes receiving cemented backfill (roughly oune-third of
the mine total) additional drainage devices will be required. Typi-
cally, cloth covered slotted pipes will be suspended between the stope
sublevels and connected to the bulkhead discharge lines at the stope
bottom. As the cemented fill is placed, the excess transport water will
pool on top of the sands and be decanted through the vertical drains.
Care must be taken to avoid blinding of the drainage pipe filter cloths
by splashing cemented fill lines.

Backfill bulkheads will also be equipped with water pressure gages and a
drainage sump with integral flow rate measurement weir. Hydrostatic
fill pressures will be monitored throughout placement and drainage.
Filling will cease if bulkhead pressure exceeds the design safety limit,
e.g., 20% of the structure failure strength. Drainage will be measured
to assure that full saturation of the backfill mass, and potential fill
liquefaction, is avoided. Backfill pressure and drainage records will
be maintained until the fill is determined to be decanted and
consolidated, usually a period of several months duration after
completion of hydraulic placement.

Special stope backfill practices will include:
1. The placement of coarse development waste rock in the stope undercut
as a barrier to fill movement into drawpoints and also to reduce

classified mill tailings backfill demand.

2. Exclusive use of coarse development waste rock as dry fill in
isolated or peripheral ore body stopes of limited dimensions.
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Uncenmented and cemented backfill will be introduced into open stopes at
a high pulp density (60-70%) in order to minimize the amount of water to
be removed.

Permeability is an extremely important uncemented fill property, and is
usually expressed in terms of percolation rate. Tests on various size
fractions of Crandon ore materials have been done on a large number of
samples by John D. Smith Engineering Associates (Testing of
Conventional, Pyrite Concentrate, and Pyrite Slimes Backfill Materials -
Crandon Project, September 1981).

Repeatable results have been obtained by two different measurement
techniques in the laboratory. These have indicated that coarser
fractions of Crandon tailings will yield uncemented backfill material
exceeding the universally accepted percolation rate of 10 cm/hr (0.32
feet per hour).

Permeability of hydraulic fill is greatly reduced by the introduction of
portland cement. For instance, a backfill with four percent cement
content by weight will exhibit only 25 percent of the permeability of
the same material without cement (E. G. Thomas - Fill Technology in
Underground Metalliferous Mines, 1979). Drainage of excess water from
cemented backfill requires additional vertical drainage devices as
described above, which remove the water primarily from the top of the
fill rather than relying entirely on percolation through the fill to the
horizontal drainage system at the bottom of the stope. Some decant
water will migrate through the fill depending upon the cement content,
as well as along vertical rock/backfill interfaces. Other residual
water in the backfill will be incorporated in the hydration of the
cement.

Properly mixed and placed cemented hydraulic backfill will stand verti-
cally and support itself to full stope height while the adjacent pillar
is extracted. A partial failure of a cemented backfilled stope could be
caused by a weakened portion of the structure failing because of
possible segregation of tailings material from the cement. This
condition should be localized and not cause a major fill failure.
Because of the self-supporting strength of the backfill mass, blasting
should only cause localized failure of the backfill wall in the event of
a misaligned blasthole.

Primary stopes in some locations may only be filled with uncemented
backfill. The adjacent pillar block would be recovered but a "skin" of
pillar ore would be left as a barrier to the uncemented backfill. The
thickness of the skin would vary with pillar block geometry. It is
possible that a misaligned pillar blasthole might cause a window in the
"skin" and allow some fill to mix with the pillar ore. However, as
stated above, pillar blasting will not occur until it is assured that
adequate drainage has occurred in the adjacent stope and that fill
liquifaction will be avoided.

In the event of either a cemented or uncemented fill failure during the

mining phase, the primary result is the introduction of waste (backfill)
into the adjacent stope block. This results in ore dilution and reduced
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ore grade in the active mining area. A fill failure into an adjacent
stope from blasting is not a major safety or environmental problem but
rather an ore grade and ore recovery problem.

D. The concerns about how the backfilled mine behaves hydrologically and
whether the mine itself could act as a source of pollutants to the
ground water in the overlying aquifers are currently being studied. The
results of final mine inflow/site impact modelling now underway will be
appended to the mine permit application when available.

E. The two reports by J. D. Smith Engineering Associates Limited will be
sent to DNR under separate cover in August 1984,

Comment No. 34 (Comment 121):

Exxon staff have recently indicated that the preproduction ore storage area
may be retained through the project life to serve as an emergency
concentrate storage area. If this is the case, Exxon should elaborate on
how concentrate would be deposited, stored and recovered from the facility,
and how the facility would be maintained in an acceptable manner until it is
needed.

Response:

The preproduction ore storage pad is designed to allow for minimum impact to
the surrounding environment by the installation of a relatively impermeable
liner, a compacted pad, a drainage collection ditch around the site, and a
drainage pond with installed pump. The pad will be maintained by grading
and compacting the top layer as required. The 0.5 m (18 inch) pad over the
liner system will carry the equipment tire loads and prevent damage to the
liner system.

This controlled site is now planned to remain in place for the life of the
mine and mill operation. One identified potential use for this site is to
provide an area for emergency storage of concentrate. If this plan were
exercised, concentrate would be hauled from the mill to this site with
trucks. Because of the value of the concentrates, they would be protected
by covering either with commercially available spray binders or other
effective material covers. The actual cover would be dependent upon the
size of the concentrate pile and the expected duration of storage.

The quantity of material stored and the duration of storage will be kept to
a minimum. The concentrate will be reclaimed from the storage piles with a
front-end loader and possibly trucks and placed in rail cars for shipment.

Alternative uses for this area may also include temporary storage for ore or
equipment.

Comment No. 35 (Comment 137):

Part one of this response says that Exxon will replace any public or private
groundwater supplies which may be affected by the project. Do these
provisions apply solely to water quantity impacts or are water quality
impacts also covered? What will be the procedure by which a well owner
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obtains remedial action? How long will Exxon's offer for remedial action
' remain in effect.

Response:

Since 1979, Exxon has provided assurances to the Towns of Lincoln and
Nashville with respect to protection of ground water quantity and quality.
Exxon has stated that if its Crandon mining operations cause significant
adverse effects on the quantity or quality of public or private ground water
supplies, Exxon will expeditiously provide water of substantially the same
quality and quantity at no cost to those individuals who may be affected for
the duration of any significant impairment of supply caused by Exxon's
operations.

Wis. Stat. 144.855(4) establishes a process by which persons who claim
damage to the quality or quantity of their private water supply may file
complaints with the Department of Natural Resources and receive alternate
sources of water. Exxon has agreed to relieve (i.e., by being the supplier)
the Towns of Lincoln and Nashville of the requirement under Wis. Stat.
144.855(4)(c) to supply the "immediate alternate source of water” for the
complaining party and will cooperate with the department in investigating
the complaint.

If the department concludes that there is reason to believe that the damage

is mining-related a hearing must be scheduled [Wis. Stat. 144.855(4)(b)].

If after the hearing, the department concludes that mining is the cause of

the damage, it must issue an order to the operator requiring the provision
. of water to the person found to be damaged [Wis. Stat. 144.855(4)(d)].

However, if as a result of studies prior to the start of operations, Exxon
determines that the quantity of an individuals private water supply will be
significantly adversely affected by mining operations, Exxon will develop
appropriate remedies to alleviate potential impairment of supply.
Implementation of such remedies, including replacement of or deepening of
supply wells, will be at no cost to the affected individuals.

Comment No. 36 (Comments 138-142):

The discussion in these responses and in the Risk Assessment fail to address
two (2) potential hazards: (a) Drought and (b) Failure of the Tailings Pond
watering system. Both of these are related since the effect will be drying
up of the tailings and the potential for "dust episodes” resulting from high
winds in combination with dry conditions. Since 50% of the particles are 10
micron or less in size, this poses a potential for a hazard to human health
since that size particle can lodge in the thoracic region of the respiratory
system. The new proposed inhalable particulate standard is expected to be
based on a 10 micron upper size cutoff for the mean particle diameter.
Furthermore, while the risk assessment addresses airborne concentrate
"spills™, it fails to address the impact and control of "spills” (i.e.,
blowing dust episodes) resulting from the drying out of tailings.

The discussion on the risks associated with airborne particulate matter does

. not appear to be based upon experimental, pilot plant, or actual ambient
data or experience. Our experience with a large tailings pond at an iron
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ore mine indicates severe particulate problems can occur when production is
stopped or reduced, i.e., when the amount of water being utilized and added

. to the pond is reduced. Exxon should provide a discussion addressing these
issues in this section and in the Risk Assessment.

Response:

Exxon believes the risk and potential hazard from "dust episodes™ at the
MWDF is very minimal. The paper prepared by Exxon dated February 1983 and
entitled "Tailings Surface Dusting From Wind Erosion” (previously provided
to DNR) describes the conditions for the MWDF that could lead to tailings
dusting. 1In addition, the various methods of control of dusting available
to Exxon are discussed in the paper. We intend to primarily rely on proper
water management within the tailing ponds to achieve dust control. If this
were not possible, the other means noted in the paper would be applied.
Additional summarized detail of the paper will be presented in the revised
Mining Permit Application, Risk Assessment Section of the Mine Plan.

Comment No. 37 (Comment 148):

The Department is continuing its review of Exxon's Risk Assessment. As a
result of this review, the Department may require Exxon to provide
additional information and quantification concerning portions of or the
entire Risk Assessment. Some preliminary comments regarding specific
aspects of the Risk Assessment are presented in the following 6 paragraphs,
ending with Comment 174.

. Response:

Comment acknowledged.

Comment No. 38 (Comment 151):

Contrary to Exxon's response, a concentrate spill does have the potential to
be harmful to people with chronic respiratory conditions. Because of this,
Exxon should outline a plan whereby any spilled concentrate would be
recovered prior to undergoing significant drying.

Response:

The probability for a train crash is low at 1 x 1071 to 1 x 1072

events per year. The probability of a crash near a residential area would
be less than the grobability of a crash over water and would be less than 1
x 1073 to 1 x 10™% events per year because of the trains reduced

speed while traveling through most towns. (Source: N. J. McCormick,
Reliability and Risk Analysis, Academic Press, New York, NY, 1981.)

It is agreed that a concentrate spill does have the potential to be harmful
to people with chronic respiratory ailments under certain conditioms.
However, the probability of this event happening is extremely low when
considering the other factors that must also be present at the time of a



train crash that would allow the concentrates to dry and become airborne,
i.e.,:

e Hot, dry weather with windy conditions lasting several days.
e The rail carrier and EMC not taking remedial action.

Concentrates are valuable materials. Rapid and complete removal of spilled
concentrates would be to Exxon's economic advantage. Dust-borne losses of
the materials would cause financial loss. To Exxon there is an economic
incentive to have the spillage recovered before dust losses occur.

Concentrates, as shipped, contain moisture; moisture contents are typically
8 to 10 percent. In order for concentrate particles to escape into the
atmosphere they have to be dry and carried by wind. Even under hot, dry,
windy, conditions it takes several days for spillage to dry to the extent
particles can become wind-borne.

The recovery of concentrate spillage will depend on the extent of the
material released. WMinor spillage would be reclaimed by manual means using
shovels and wheelbarrows. Major spillage would be removed by front-end
loaders and trucks. Final recovery would be done manually using brushes and
shovels to remove all the valuable material.

If a derailment should occur, Exxon would work closely with the rail carrier
to begin immediate corrective action. This action will be highly dependent
on the location, nature, and magnitude of a particular derailment and
spillage.

Comment No. 39 (Comment 152):

The Department agrees that the probability of a major reagent spill is very
low. However, it is not zero and therefore Exxon must prepare contingency
plans for such an event.

Response:

Although a remote possibility, if a major reagent spill occurs on-site, the
following actions will be initiated as part of the Contingency Plan. The
spill will be reported to the environmental compliance staff and to the
security personnel. In the event such a spill occurs when the environmental
staff is not on duty, security personnel will be contacted initially and
then environmental staff at home, if necessary. The following information
will be provided:

Observer Reporting

e Identity of reagent spilled.

e Location of spill.

e Estimated amount of material spilled.
e Time spill occurred.

e Is anyone injured or in immediate danger as a result of the spill.
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All responsible personnel will receive training to assure the following

’ actions:

Action Following Notification

Stay clear of the area (i.e., if the spilled reagent is identified
on the master list of toxic agents).

Assist in preventing entry to the area by unauthorized personnel.

Do not leave the vicinity (i.e., in an assured safety zone) until
someone arrives to assume the duty of isolating the area and
commencing mitigative procedures.

Notify the proper authorities (i.e., DNR), environmental staff if
not previously notified, and any safety or medical personnel
required, indicating the information obtained from the observer.

The responsible staff will initiate recovery and isolation of the spill
consistent with the concerns for public safety and environmental protection.
Actions will include the following:

Spill Recovery and Isolation

Comment No.

Secure the spill site to prevent entry to the area by unauthorized
personnel.

Use only those personnel specifically trained and protected for
handling such an emergency.

Contain the spilled material to prevent further spread.

Begin immediate recovery steps to assure maximum retention and
isolation of the spilled material so that public exposure and
environmental impact is kept to a minimum.

Assure the storage or treatment of the recovered material.

Begin disposal of the unusable material and aids (i.e., rags,
containers) at a predesignated site approved for receipt of this
material.

Notify responsible state, federal, and company authorities of the
occurrence and remedial actions initiated and implement all

mitigation procedures consistent with the Contingency Plan.

Begin investigation to determine cause of spill and to the maximum
extent possible prevent future occurrences.

40 (Comment 153):

This response concerning the hazard presented by certain reagents is not
. adequate. Methyl isobutyl carbinol is listed as a toxic substance in
industrial toxicology references while ethers are considered to be acutely
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toxic. Thus methyl isobutyl carbinol and propylene glycol methyl ether
could present significant health hazards. Exxon must discuss the toxicology
of all the typical reagents that will be used.

Response:

All substances possessing toxic properties will be handled in accordance
with state and federal regulations. Also, employee exposure to these
substances will be monitored and controlled through our industrial hygiene
program. The attached data sheets for the following list of reagents should
address your concerns regarding toxicology. If further information is
required, we recommend Patty's Industrial Hygiene and Toxicology, Volumes I,
II, and III as a source that may aid in answering a specific question.

Activated Carbon Sodium Dichromate

CMC-7LT Sodium Ethyl Xanthate
Copper Sulfate Sodium Hexametaphosphate
Dowfroth 250 Sodium Isopropyl Xanthate
Flocculant Sodium Silicate

Lime Sodium Sulfide

MIBC* Sulfur Dioxide

Potassium Amyl Xanthate Sulfuric Acid

Soda Ash Zinc Sulfate

Sodium Cyanide

*A data sheet has been requested but has not been received, information will
be forwarded upon receipt.

Comment No. 41 (Comment 156):

Is there any inspection/monitoring data available for the two operating
facilities cited in this response as examples of facilities with leachate
control systems similar to Exxon's proposed MWDF design? If such
information is available, Exxon should present a discussion which
demonstrates the successful performance history of facilities which use a
design similar to that proposed by Exxon.

Response:

EMC has developed additional information regarding facility designs similar
to those proposed for the Crandon Project. This information has been
discussed with the DNR at a meeting on June 14, 1984 and will be documented
in reports to be submitted in August 1984.

Comment No. 42 (Comment 163):

Exxon should present information regarding the anticipated thickness distri-
bution of the crown pillar. Are there any plans to recover the crown pillar
as contemplated in section 4.1 of the report, Evaluation of Surface Effects,
prepared by John D. Smith Engineering Assocites Limited?
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Product Data RESPONSE TO OCMMENT
NO. 40)

DARCO® GFP

DARCO GFP powdered activated carbon is a high adsorptive capacity lignite based activated carbon

| designed for mineral process applications. Most of DARCO GFP's surfaceareaisin therange suitable
for adsorption of flotation reagents and metallic ions. To insure good dispersion in ore pulps and
concentrates, DARCO GFP is ground to a minimum of 95% -325 mesh.

General Characteristics

| pH (water extract) Alkaline |

| Bulk density, tamped (Lbs./FT3) Approx. 30 |

| Water solubles, % Approx. 4.0

| ' Total surface area, dry basis (M?/q) Approx. 500 1

Total pore volume, dry basis (ML/g) Approx. 0.95 1
Storage space (FT3/Ton) Approx. 80 |

Specifications
Moisture, % as packed 8.0 max.
. Mesh size, % thru 325 95.0 min.
| Safety
| CAUTION
- AVOID INHALATION OF EXCESSIVE CARBON DUST

Use adequate ventilation or dust masks when necessary. For protection against airborne nuisance
dust (carbon) exposures, see Code of Federal Regulations -- Title 29, Subpart G, Par. 1910.93.

} CAUTION: IMPORTANT USE INFORMATION

‘ OXYGEN IS REMOVED FROM AIR BY WET ACTIVATED CARBON. Oxygen may be rapidly reduced
to a hazardous level in closed or partially closed tanks, receptacles or other enclosed spaces
‘ containing carbon.

When entering any enclosed space regardless of its contents, follow recommended safety procedures |
(See MCA Safety Guide SG-10, “Recommended Safe Practices and Procedures, Entering Tanks and
Other Enclosed Spaces”, Mfrg. Chem. Assoc., 1825 Connecticut Ave., N.W., Washington, D.C., 20009).

DARCO is a registered trademark of ICl Americas Inc.
11/77 400




J&._ MATERIAL SAFETY DATA SHEET i .

DA 2
HERCULES (Approvedby U.S. Department of Labor as “"Essentially Similar"* to Form OSHA-20) ik Gl

PAGE 1 of 2
(SUPPORTING DATA FOR
RESPONSE TO CCOMMENT
‘ I. PRODUCT IDENTIFICATION NO. 40)
CHEMICAL NAME Sodium carboxymethyl cellulose, REGULAR TELEPHONE NO. 302—575-5000
AND SYNONYMS technical A EMERGENCY TELEPHONE NO. 302-995-3000°
CHEMICAL Cellulose ether CAS NO.9004-32-4; Cellulose,
FAMILY carboxymethyl ether, sodium salt
FORMULA = MOLECULAR —
WEIGHT

TRADE NAME ___ HERCULES® CMC-TECENICAL GRADE, minimum purity 88%1-dry basis, various

AND SYNONYMS particle sizes, substitutions, and viscosities**,
il. HAZARDOUS INGREDIENTS

MATERIAL %

TLV-TWA VALUES
ADOPTED BY ACGIH

Note: As Hercules interprets the U. S. Occupational
Safety and Health Act of 1970, this product should &
not be considered a hazardous material.

R N o | R S M e e PSS S e M | | I SRS U o T T I BT ET B
Il. PHYSICAL DATA
BOILING POINT, 760 mm Hg NA FREEZING POINT 1 NA
VAPOR PRESSURE @ NA BULK DENSITY '600 kg/m3 - CGranular
: (AS_SHIPPFD) (38 1b/ft3) Typical
@ | roroensTvam-n) | M MOISTURE CONTENT | 8% maximum
% BY WEIGHT (as packed)
SOLUBILITY IN WATER, Complete EVAPORATION RATE | NA
% BY WEIGHT @ 25°C (BUTYL ACETATE=1) .
APPEARANCE AND ODOR: White to tan granular oH —— ‘
powder or pellet: odorless. ’ e

IV. FIRE AND EXPLOSION HAZARD DATA

FLASH POINT NA AUTOIGNITION Ca 370°C (698°F) Dust
(TEST METHOD) TEMPERATURE

FLAMMABLE LIMITS IN AIR LOWER NA UPPER NA

PERCENT BY VOLUME

EXTINGUISHING MEDIA: Foam, dry chemical, CO2, water spray or fog.

SPECIAL FIRE-FIGHTING PROCEDURES: None

UNUSUAL FIRE AND EXPLOSION HAZARDS: Flammable dust when finely divided and suspended in
air. '

NOTES: NA = NOT APPLICABLE -
Most types of technical grades of CMC are designated with a"T", e.g., CMC-7MI. CMC-1A and

CMC-6-DG-L are also technical grades although a"T", does not appear in their designations.
*Use this smergency number only gfter normal business hours and only for emergencies involving wfety and hesith.

. We cannot »nticipate all conditions under which this information and our products, or the products of other manufacturers in combina-
ton with oL ,roduc.;, may be used. We accept no responsibility for results obtained by the application of this information or the safety
and suitabili.y of our products, either alone or in combination with other products. Users are advised to make their own tests to determine
the safety and suitability of each such product or product combination for their own purposes. Unless otherwise agreed in writing, we
sell the products without warranty, and buyers and users assume all responsibility and liability for loss or damage arising from the handling
and use of cur products, whether used alone or in combination with other products.

HERCULES INCORPORATED * WILMINGTON, DELAWARE 19899

HER. 34440 REV. 5-7 1M OBITEN MP-43 PRINTED IN U.8.A.
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V. HEALTH HAZARD DATA B P Re————
THRESHOLD LIMIT VALUE: Not establishedl RESWNEED %gmm

EFFECTS OF OVEREXPOSURE: None known

EMERGENCY AND FIRST AID PROCEDURES: None required

NOTE 1. This material is not expected to cause physiologic impairment at low concen-
tration. Until a specific TLV is adopted by the American Conference of Governmental
Industrial Bygienists (ACGIH), Hercules Incorporated suggests that this material be
treated as a nuisance dust or particulate in accordance with the recommendations of ACGIH.

—_ =S=werd B PO | BT W ey R TR T XY (AL METY W
VIi. REACTIVITY DATA
STABILITY CONDITIONS TO AVOID: None
[ UNSTABLE
STABLE X

INCOMPATIBILITY (MATERIALS TO AVOID): None

HAZARDOUS DECOMPOSITION PRODUCTS: None

HAZARDOUS MAY OCCUR CONDITIONS TO AVOID: None
Fro:.memu-non WILL NOT OCCUR X

Vil. SPILL OR LEAK PROCEDURES
STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED: Mechanical clean-up for use or disposal.

WASTE DISPOSAL METHOD: Incineration or landfill. Dispose of in accordance with local,
state, and Federal regulationms.

F S O R | T e e | i [l 4 A S B
Vill. SPECIAL PROTECTION INFORMATION
RESPIRATORY PROTECTION Nuisance dust respirator approved by NIOSH/MSHA in excessive

{SPECIFY TYPE) air concentrations.
VENTILATION LOCAL EXHAUST - SPECIAL —_—
MECHANICAL - OTHER Adequate to control
(GENERAL) nuisance particulate
| PROTECTIVE GLOVES: — EYE PROTECTION: safety glasses
OTHER PROTECTIVE EQUIPMENT: —
= N . . ) o A
IX. SPECIAL PRECAUTIONS
PRECAUTIONARY LABELING:

CAUTION! FLAMMABLE DUST WHEN FINELY DIVIDED AND SUSPENDED IN AIR.
SURFACES SUBJECT TO SPILLS OR DUSTING WITH THIS PRODUCT CAN BECOME SLIPPERY
WHEN WET.
Keep awvay from heat, sparks, and open flame.
Use wvith adequate ventilation
Keep floors clean.

OTHER HANDLING AND STORAGE CONDITIONS: Surfaces subject to spills or dusting with this
product can become slippery when wet. To protect product quality, store in sealed
containers in a dry place sway from heat and sunlight.

h =% s
HER. 34440-1 5-70 108 SRESEN MP-44 PEINTED W V.8.A.
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U.S. DEPARTHERT OF LAEOR

- WAGE AND LABOR STANDARDS ADMINISTRATION
Buresau of Labor Standards

MATERIAL SAFETY DATA SHEET

May 1964
( SUPPORTING DATA FCR
RESPONSE TO COMMENT

NO. 40)

SECTION |

MANUFAC TURER'S NAN

PHELPS DODGE REFINING CORPORATION

EMERGENCY TELEPHONE NO.

212 - 751-3200

Aganias (Number, Street, (Cuiy, State, ﬁnd’ zlfy(.'odi
ew ()

Park Avenue,

f, New York 100622

CHEMICAL NAME AND

Copper Su

VNON\MS
fate _

ND SYNDNYMS

k DfN w_ L

CHE CAL FAMILY,
&norcanlc Salt

FORMULA

Cusg4.5§)0

SECTION 1l

HAZARDOUS INGREDIENTS

PAINTS, PRESERYATIVES, & SOLVENTS

TLY

% (Unirs)

ALLOYS AND METALLIC COATINGS

TLY
(Units)

PICMENTS
None

BASE MITAL
: None

1 catauyst

ALLOYS

VEHICLE

METALLIC COATINGS

SOLVENTS

FILLFR METAL
PLUS CNAT.NG OR CORL FLUX

ADDITIVES

OTHERS

OTHERS .

WAZARDOUS MIXTURES OF OTHER LIQUIDS, SOLIDS, OR GASES

TLY
(Units)

Nane

SECTION 1l

PHYSICAL DATA

SOILING POINT (°F.) DEhydrates
Decomposes

I50°C
§53°¢C

SPECIFIC GRAVITY (H,0=1)

2.28

VAPOR PRESSURE (mm Hg.)
None

PERCENT VOLATILE
BY VOLUME (%)

Naone

VAPOR DENSITY (AIRS V)
None

EVAPORATION RATE
{ =1)

Nane

SOLUBILITY INWATER 5¢ 6 g./100 g

fat. Sol

20

APPEARANCE AND ODOR

Blue crvstalline powder or crystals.

SECTION IV FIRE AND EXPLOSION HAZARD DATA

FLASH POINT (Method vsed)

_None

FLAMMABLE LIMITS Lel

EXTINGUISHING MEDIA

SPECIAL FIRE FIGHTING PROCEDURES
None

UNUSUAL FIRE AND EXPLOSION HAZARDS None
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(SUPPORTING DATA FOR
RESPONSE TO COMMENT

v Copm/\ Sui4a:t¢/ P 20‘{2/ NO. 40)
f_’ LTI SECTION V HEALTH MAZARD DATA = * ¥%surp g, v i 55
S TRRISHOI M VAL 3 r s
% R ; mg/m T
. 4

g rrecis uvgu-:msunt ey s x s 5 "
Pcssibility of irritation.

wash area of contact

* FiWtAGENLY AND $1RST AID PHOCEDUIKES

14

SECTION VI [EACTIVITY DATA .
STARILITY UNSTABLE CONDITIONS TO AVO!D
STABLE x
INCOMFATARILITY (Materials to avod) No

T

nAJARDOUS DECOMPOSITION PRODUCTS . . O
Sulfur trioxide above 653 C

ATANDIOUS MAY OCCUR CONDITIONS TO AVOID

POLYMERIZATION

wiLL NOT CCCUR

SCCTION VI SPILL ON LEAN FROCEDURES

STEPS TO BE TAAEN IN CASE MATZRIAL IS RELEASED Ol SPILLED

Repackage
WASTE DISPOSAL METHOD Return to producer .
2 t
Y
SECTICN VIl SFECIAL PROTECTICN INFORMATICN
AELSPIRATORY PROTECTION (Specify type) Approved resp:.rator
VENTILATION LOCAL EXHAUST - SPECIAL
MECHANICAL (General) Yes OTHER
PROTECTIVE GLOVES EYE PROTECTION
Yes Yes
OTHER PROTECTIVE EQUIPMENT
SECTION 1X SFECIAL PRECAUTIONS
PRECAUTIONS TO BE TAKEN IN HANDLING AND STORING .
Store in dry place.
. [ oTmen PRECAUTIONS !
® N
o)
ftinens wi.%ma o siaf C gty o et BV raee -, N TR R ) Aan o - T 5 ..."




(SUPPORTING DATA FOR

o 3 0. 40)

. 61554

hor. 1972) Chemical Safety Data Sheet

UNITED STATES

DEPARTMENT OF THE INTERIOR
BUREAU OF MINES
WASHINGTON, D.C. 20240

“oGg €002 HIOWIMOQ

H
o
METAL AND NONMETAL MINE HEALTH AND SAFETY ” =
MATERIAL
CHEMICAL NAME FORMULA CHEMICAL FAMILY Polypropylene
NA Glycol Methyl Ethers
TRADE NAME
Dow froth 200,250, and 1012
PHYSICAL DATA
MELTING POINT (°F THRESHOLD LIMIT VALUE
= below - 50 =
BOILING POINT (°F) ol3 -293°¢C VAPOR DENSITY (AIR=1) -
SPECIFIC GRAVITY (H,0=1) 0.980 VAPOR PRESSURE (mm Hg) -
. SOLUBILITY IN WATER Soluable MOLECULAR WEIGHT pH = 7.2
NCE AN R ;
APPEARANCE AND ODOR Clear liquid with odor of ether.
FIRE AND EXPLOSION HAZARD DATA
FLASH POINT (Method uscd) FLAMMABLE LIMITS Lel Uel
250, 285, 375 - -
EXTINGUISHING MEDIA  poam CO,s dry chemical
SPECIAL FIRE FIGHTING PROCEDURES
ﬁ None
UNUSUAL FIRE AND EXPLOSION HAZARDS
None
HEALTH HAZARD DATA ’_
EFFECTS OF OVEREXPOSURE  yo ynusual health problems.

EMERGENCY AND FIRST AID PROCEDURES Eyes or gkin: Flush with plent‘y of water and

call a doctor.

MP-47




RESPONSE TO COMMENT
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STABILITY ALY CONDITIONS TO AVOID
STABLE X

INCOMPATABILITY (Materials to avoid) None

A
HAZARDOUS DECOMPOSITION PRODUCTS None

CONDITIONS TO AVOID
HAZARDOUS MAY OCCUR
POLYMERIZATION

WILL NOT OCCUR X

SPILL OR LEAK PROCEDURES

TS TO BE TAKEN IN CASE MATERIAL IS RELEASED OR SPILLED :
STE Use &n absorbant to pick up

flush to ground, not to sewer.

WASTE DISPOSAL METHOD . -
# To ground in a restricted area.

SPECIAL PROTECTION INFORMATION

RESPIRATORY PROTECTION

None
VENTILATION LOCAL EXHAUST Nermal SPECIAL
MECHANICAL (General) OTHER
PROTECTIVE GLOVES EYE PROTECTION
Yes Goggles
OTHER PROTECTIVE EQUIPMENT
None

SPECIAL PRECAUTIONS

PRECAUTIONS TO BE TAKEN IN HANDLING AND STORING
Store in & cool well ventilated

area,

OTHER PRECAUTIONS None
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RESPONSE TO COMMENT

G CYANAMID NO. 40)
' MSDS NO. 0850-03
CAS NO.

MATERIAL SAFETY DATA DATE: 01/15/83
PRODUCT y TRADEMARK: SUPERFLOC® 1202 Flocculant
IDENTIFICATION SYNONYMS: Anionic polyacrylamide in water-in-oil emuision

CHEMICAL FAMILY: Anionic polyacrylamide copolymer

MOLECULAR FORMULA:  Mixture

MOLECULAR WGT.: Mixture
WARNING HARMFUL IF INHALED

CAUSES SKIN BURNS

MAY CAUSE EYE IRRITATION

SPILLS OF THIS MATERIAL ARE VERY SLIPPERY
HAZARDOUS COMPONENT CAS. NO. % TWA/CEILING REFERENCE
INGREDIENTS Petroleum distilate  008002-05-9 24 500 ppm OSHA
NFPA HAZARD Not Established
RATING
HEALTH HAZARD EFFECTS OF Acute oral (rat) and acute dermal (rabbit) LD50 values
INFORMATION OVEREXPOSURE: are > 10 mi/kg. Minimal eye irritation was produced in

rabbit testing. When this product was tested in rabbits
for skin irritation under occlusive conditions, as would be
produced if the product was spilled into boots,
irreversible skin damage was produced. When the
product was tested under nonocclusive conditions with
24 hours of skin contact, as would occur when product
was spilled on clothing, some eschar formation was
observed but the overall skin irritation score was lower
(2.2 moderately irritating). Aspiration of the solvent,
petroleum distillate, may cause chemical pneumonitis.
Overexposure to vapor may cause dizziness,
drowsiness, headached and nausea.

FIRST AID: It SUPERFLOC 1202 is swallowed do not induce
vomiting. Give several glasses of milk or water.
Administer a saline cathartic. In case of skin contact,
remove contaminated clothing with out delay. Cleanse
skin thoroughly with soap and water. Do not omit
cleaning hair or under fingernails if contaminated. Do
not reuse clothing without laundering. In case of eye
contact, immediately flush eyes with plenty of water for
at least 15 minutes. Refer to a physician if irritation
persists. If vapors of SUPERFLOC 1202 are inhaled,
remove from exposure. Administer oxygen if there is
difficulty in breathing. If patient is not breathing, give
artificial respiration until normal breathing is restored.

EMERGENCY PHONE:

201/835-3100

MP-49
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MSDS NO. 0850-03
SUPERFLOC® 1202 Flocculant

EXPOSURE »
CONTROL METHODS

Where a closed system is not used, good enclosure and local exhaust ventilation
should be provided to minimize exposure. Where concentrations are below the PEL,
no respiratory protection is required. For spills or leaks, such protection may be
necessary. Where exposures exceed PEL, use respirator approved by NIOSH for the
material and level of exposure. See “GUIDE TO INDUSTRIAL RESPIRATORY
PROTECTION" (NIOSH). Material causes eye and skin irritation on contact. A full
facepiece respirator will provide eye and face protection. Wear the following as
necessary to prevent skin contact; work pants, long sleeve work shirt, impervious
gloves and impervious apron. For operations where eye or face contact can occur
wear respiratory protection outlined above, (full facepiece) or chemical splash proof
goggles. Provide eyewash fountain and safety shower in close proximity to points of
potential exposure.
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MSDS NO. 0850-03
SUPERFLOC® 1202 Flocculant

FIRE AND
EXPLOSION
HAZARD
INFORMATION

FLASH POINT: >200F ( >93.3 C)
METHOD: Pensky-Martens
FLAMMABLE LIMITS Not Available

(% BY VOL):

AUTOIGNITION TEMP: Not Available
DECOMPOSITION TEMP:  Not Available

FIRE FIGHTING: Use alcohol foam, carbon dioxide or dry chemical to
extinguish fires. Water may be ineffective. Wear
self-contained, positive pressure breathing apparatus
and full firefightin? protective clothing. See Exposure
Control Methods for special protective clothing. Use
water to keep containers cool.

REACTIVITY DATA  STABILITY: Stable

CONDITIONS TO AVOID:  None known

POLYMERIZATION: Will Not Occur

CONDITIONS TO AVOID:  None known

INCOMPATIBLE Strong oxidizing agfents. This material reacts slowly with

MATERIALS: iron, copper and aluminum, resulting in corrosion and
product degradation.

HAZARDOUS Thermal decomposition or combustion may produce

DECOMPOSITION carbon monoxide, carbon dioxide, ammonia and/or

PRODUCTS: oxides of nitrogen.

PHYSICAL
PROPERTIES

APPEARANCE AND
ODOR:

White, viscous, opaque liquid; slight hydrocarbon odor

BOILING POINT: Water phase boils at ~212 F (~100 C). Initial boiling
point for oil phase is ~347 F (~175 C).

MELTING POINT: 0F(—-18 C)

VAPOR PRESSURE: Not Available

SPECIFIC GRAVITY: 1.0

VAPOR DENSITY: Not Available

% VOLATILE (BY VOL): ~70

OCTANOL/H:O Not Available

PARTITION COEF.:

pH: Not Available

SATURATION IN AIR Not Available

(BY VOL):

EVAPORATION RATE:

<1 (Butyl Acetate =1)

SOLUBILITY IN WATER:

MP-51
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RESPONSE TO COMMENT
NO. 40)

. MSDS NO. 0850-03
SUPERFLOC® 1202 Flocculant

SPILL OR LEAK , STEPS TO BE TAKEN IN  Where exposure level is not known, wear NIOSH
PROCEDURES " CASE MATERIAL IS approved positive pressure self-contained respirator.
RELEASED OR SPILLED:  Where exposure level is known, wear NIOSH approved

respirator suitable for level of exposure. In addition to
the protective clothing/equipment in Exposure Control
Methods, wear impervious boots. Spills of this material
are very slippery. Spilled material should be absorbed
onto an inert material and scooped up. The area should
be thoroughly flushed with water and scrubbed to
remove residue. If slipperiness remains apply more
dry-sweeping compound.

WASTE DISPOSAL Disposal must be made in accordance with applicable governmental regulations.

SPECIAL HANDLING AND OSHA regulations (29 CFR 106.a.14), require that the

PRECAUTIONS STORAGE/OTHER: flashpoint of materials of this type be determined by the
Pensky-Martens Closed Tester method. The test for this
product indicates it has a flashpoint greater than 200 F
(93.3 C). Another method indicates a potential for flash
at approximately 154 F (67.8 C); therefore, caution
should be exercised in storage and handling. Avoid
storage vessels and piping constructed of iron and
aluminum. Store SUPERFLOC 1202 at temperatures

. between 40 F (5 C) and 90 F (30 C) to maintain stability

of the emulsion.

777% /g : M&n Marvin A. Friedman, Ph.D., Director of Toxicology and Product Safety

This information is given without any warranty or representation. We do not assume any legal responsibility for same, nor do we give permission,
inducement, or recommendation to practice any patented invention without a license. It is offered solely for your consideration, investigation and
verification. Before using any product read its label. MP-52




CHAPTER VI

Economic and safety considerations

Selection of lime

For many uses all or many of the forms and types of lime, as described
in Chapter 1, can be used. For certain applications, however, only one
or two types can be utilized. Where the consumer has an option, he
naturally wants to select the type that is best for his purpose and/or is
least costly.

For some uses there is either a firm requirement or a decided prefer-
ence for either high calcium or dolomitic lime, usually because of the
presence or absence of the magnesium constituent. In other uses both
types can be employed. Each has particular advantages over the other
which should be weighed for a given application. Eg., with limes of
equal purity the dolomitic limes have slightly greater neutralizing power
= per pound and will produce less sludge by weight, but the high calcium
o types have much greater reactivity and tend to produce a denser sludge.
L Yet, where both types can be used, the determining factor may be a
source of supply in close proximity that offers significant savings in
transportation. By the same token, savings in delivered cost can often
justify the use of less pure or reactive limes. Actually, the only sure basis
for determination of the relative applicability of a given lime Is to test
it under actual or simulated process conditions. Empirical tests, such as
for basicity, are generally of value only when the application is analogous
to the test.

Relative cost

Material cost of lime is dependent on whether bagged or bulk lime, hy-
drated or quicklime is used. The cost of packaging in multiwall paper
bags adds about 209, to the bulk cost; the cost of hydrate is about 309,
greater than quicklime on an equivalent basis, owing to its slightly higher
ton price and allowing for its water of hydration. The cost disparity,
however, with pulverized quicklime is slightly less generally than the
above with lump, pebble, or granular forms. These rule of thumb per-
centages do not include transportation cost.

However, balanced against such savings in material costs are addi-
tional capital equipment costs and in one case (slaking) the cost of an
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extra processing step that must be evaluated in making this determina-

tion.

The most important consideration, at least on an average, is the
tonnage requircment or rate of use. However, other factors in diverse
individual plant situations may be as important, ie., plant layout, the
extent of storage space available and convenience of its location, and
storage characteristics of different limes.

As simple genceralizations on the tonnage range for these determina-
tions, the following is oflered:

1. Where lime consumption is small, such as 50 to 1,000 Ib./day, i.e.,
1 to 20 50-1b. bags, bagged hydrated lime is clearly indicated. Probably
this limit could be extended to 1,500 1b./day, but at this point, if lime
is being consumed seven days a week, consumption will reach 2214
tons/month. Then, the economy of truck load bulk shipments of 15
to 20 tons starts to become attractive. But then bulk silo storage and
unloading facilities may have to be purchased and installed. If head-
room is unavailable for a silo and there is ample ground-floor space
for storing bags, then the use of bagged hydrate may be justified up
to 2,000 Ib. /day or even more.

2. With respect to bulk lime, hydrate is generally indicated up to 3 1o 4
ton/day (100-125 ton/month) over quicklime. At this point the in-
herent economy of quicklime, in spite of slaking expense, should be
considered. Again, due to peculiar plant conditions the use of hydrate
up to 200 tons/month may he warranted; however, above this figure
it is quicklime's province. Many of those plants that use quicklime
in the lower ranges suggested for hydrate may be saving little or noth-
ing due to greater losses of lime through air slaking and recarbona-
tion. This is particularly true if the quicklime is highly reactive, of
small particle size, and is used under humid conditions. Hydrate is
more stable and stores better.

Safety considerations

The subject of safety in connection with lime's use in chemical treatment
processes is actually two-fold. First, because lime, particularly quicklime,
is caustic, the worker handling lime must be adequately protected to
avoid burns. Should burns occur or lime get in eyes, immediate first aid
is necessary. Secondly, due to the heat of hydration of quicklime, care
should be taken to avoid accidental contact with moisture or with chemi-
cals possessing water of crystallization in order to avoid excessive heat
generation which might lead to fire.

Although both problems do exist, they are not so prevalent to be
alarming — any more so than with many other chemicals used in treat-
ment processes. Thus, lime is not a dangerous chemical, and problems
will not develop if a few simple safety precautions are followed.
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Worker Safety Dust from hydrated lime can be irritating if in-
haled, but it is not injurious to the respiratory system. This is evidenced
by studies of workers in lime plants where dust concentration and con-
tinuity of exposure exceed by many times that at any consumer’s plant.
In plant areas where lime dust may be prevalent, e.g., in handling lime
bags, unloading rail cars or trucks, around open feeders, etc., workers
should wear a lightweight filter mask and tight fitting safety glasses with
side shields.

The problem of protection from guicklime burns is more serious,
particularly in hot weather when workers are perspiring freely. Besides
using eye protection and respirators workers exposed to quicklime dust
should also wear proper clothing, including long-sleeved shirt with sleeves
and collar buttoned, trousers with legs down over tops of shoes or boots,
head protection, and gloves. Clothing should not bind too tightly around
neck, wrists, or ankles. It is also advisable to apply a protective cream
to exposed parts of body, particularly neck, face, and wrists.

Freshly slaked lime in stiff putty or milk form can produce burns
when hot. Workers inspecting or cleaning slakers should wear safety
goggles. After slurry is cool, contact with skin is virtually harmless, the
principal effect being removal of natural skin oils. Therefore, workers
who frequently handle lime slurry should oil their skin where exposed
daily, using vaseline, etc. 'This will help prevent chapping and thus re-
duce danger from burns or infection.

After handling lime, operators should shower. If clothes are per-
meated with dust, or splattered with lime slurry, remove and launder.
If possible, wear clean clothes every shift.

First Aid If lime gets in ceyes, llush with copious amount of cold water
immediately, followed by boric acid solution. Report to First Aid. Don’t
rub eyes if irritated by lime dust; doing this will only add to the dis-
comfort.

Lime burns should be treated similarly to caustic burns. Wash thor-
oughly with soap and warm water, then with vinegar to remove all lime.
Apply burn ointment like boric acid salve and cover with sterile band-
age. Keep bandaged during healing to prevent infection.

Plant Safety An efficient dust collecting system is recommended at
lime handling points. For removing fugitive dust around and on feeders,
slakers, etc.,, a dry pickup vacuum is practical. The cleaner should be
emptied after each use.

As pointed out in Chapter 11, quicklime bags should be stored in a
clean, dry place to avoid moisture pickup. Otherwise the intense heat
generated from accidental contact with water may be enough to start a
fire in nearby flammable materials.

A vital slaker safety measure is the installation of a thermostatic
valve to prevent overheating and possible explosion. This could occur
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if the controlled water supply fails while the lime feed continues, allow-
ing the lime to overheat and produce excessive steam. The safety valve
delivers a supply of cold water as soon as maximum safe temperature
is exceeded. An alternate, provided in the W & T paste slaker, is a low
pressure switch installed in the water supply line to stop the lime feeder;
this prevents excess heat buildup rather than correcting it.

Another important safety precaution is to avoid using the same
conveyor or bin for alternately handling both quicklime and one of the
coagulants containing water of crystallization, e.g., copperas, alum, ferric
sulfate, etc. The water of crystallization may be withdrawn by the quick-
lime, perhaps generating enough heat to cause a fire, eg., in dust col-
lector bags. Explosions have also been reported from lime-alum mixtures
in enclosed bins, where the intense heat (4 1100°F) generated from the
reaction liberated sufficient hydrogen from the water to cause the ex-
plosion. Therefore, if the facilities are to be used alternately, they should
be cleaned thoroughly before switching over. Of course, this hazard
would not apply to hydrated lime.
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About the publisher of this book

National Lime Association is the trade association for manufacturers of
commercial quicklime and hydrated lime. Among its most important
functions are the education of the consuming public as to the most eff-
cient application of lime, as well as publishing general technical infor-
mation in those fields where lime is used.

In addition to this book, National Lime Association has published

the following literature that is applicable to the water and sanitation
field.:

1. “Chemical Treatment of Sewage and Industrial Wastes,” by Dr. Wm.
A. Parsons, 1965 (under revision). P

2. “Water Supply & Treatment” (11th edition), 1976, by Merrill L. Riehl,
$5.00 plus 20¢ postage.

3. “A Study of the Reaction Between Calcium Oxide and Water,” by
T. C. Miller, Azbe Award No. 1, 1960, $1.00 plus 15¢ postage.

4. “Lime Industry Safety Manual,” 1970, $1.25 plus 10¢ postage.
5. “Chemical Lime Facts,” $1.00 plus 15¢ postage.
6. “Lime Stabilization Construction Manual,” 25¢ plus 10¢ postage.

Other pertinent references:

1. ASTM, 1975, Book of Standards, Pt. 13, particularly C 25-72 on Chemi-
cal Analysis of Lime and Limestone and C 110-71 on Physical Tests
for Lime.

2. AW.WA,, “Water Treatment Plant Design,” 1969.

3. AW.W.A,, “Standard for Quicklime and Hydrated Lime,” Std B 202-
65.

4. BIF, “Lime for Water and Wastewater Treatment,” Ref. No. 1.22-24
(1969) .

5. Boynton, R. S, “Chemistry and Technology of Lime & Limestone,
John Wiley & Sons, Inc., N.Y. (1966) .

6. Hirsch, A. A, “Dry Feed of Ground Quicklime Without a Slaker,”
AWWA Journal, Dec., 1962,

7. Hoak, R. D, “How to Buy and Use Lime as a Neutralizing Agent,”
W_ater & Sewage Works, Dec., 1953.

8. Infilco, Bulletin on Slaker, No. 255-C.

9. Wallace & Tiernan, Bulletin on Lime, T 60.350-1 (1970) .
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6’0YANAMID RESPONSE T) QM

MATERIAL SAFETY DATA

MSDS NO. 0632-01
CAS NO.
DATE: 04/28/82

PRODUCT j TRADEMARK: AERO?® Xanthates 317, 325 and 355
IDENTIFICATION SYNONYMS: Potassium or sodium alkyl xanthates

CHEMICAL FAMILY: Xanthates

MOLECULAR FORMULA:  ROCS(S) Na or ROCS (S)K

MOLECULAR WGT.: Mixture
WARNING CAUSES EYE AND SKIN IRRITATION
HAZARDOUS COMPONENT CAS. NO. % TWA/CEILING REFERENCE
INGREDIENTS

No Permissible
Exposure Limits
(PEL), have been
established by OSHA

NFPA HAZARD
RATING

Not Established

HEALTH HAZARD
INFORMATION

EFFECTS OF The acute oral (rat) LD50 value for Aero Xanthate 317

OVEREXPOSURE: is between 0.5 and 2.0 g/kg. Skin or eye contact with
solutions of any of these products may cause primary
irritation. Airborne dust may cause significant eye and
skin irritation or irritation of the respiratory airways.

FIRST AID: in case of eye contact, immediately irrigate with plenty
of water for 15 minutes. Refer to a physician if irritation
persists. In case of skin contact, wash affected areas of
skin with soap and water. Do not reuse contaminated
clothing without laundering.

EMERGENCY PHONE:

201/835-3100 . o,

AMERICAN CYANAMID COMPANY, WAYNE, NEW JERSEY 07470
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MSDS NO. 0632-01
AERO® Xanthates 317, 325 and 355

EXPOSURE ’
CONTROL METHOD

Where a closed system is not used, good enclosure and local exhaust ventilation
should be provided to minimize exposure. Food, beverages, tobacco products should
not be carried, stored or consumed where this chemical is in use. Before eating,
drinking or smoking wash face and hands with soap and water. Where engineering
controls are effective, respiratory protection is generally not required. If certain
operations require respiratory protection, use a NIOSH approved respirator
recommended by an industrial hygienist. Material causes eye or skin irritation on
contact. A full facepiece respirator will provide eye and face protection. Wear the
following as necessary to prevent skin contact; work pants and long sleeve work shirt.
For operations where eye or face contact can occur wear respiratory protection

outlined above and dust proof goggles.
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MSDS NO. 0632-01
AERO® Xanthates 317, 325 and 355

FIRE AND
EXPLOSION
HAZARD
INFORMATION

FLASH POINT:

Not Applicable

FLAMMABLE LIMITS
(% BY VOL):

Lower - 1.25  Upper - 50.0

AUTOIGNITION TEMP:

248 F(120 C) Residual Carbon Disulfide

DECOMPOSITION TEMP:

Not Available

FIRE FIGHTING:

Use carbon dioxide, dry chemical or water to extinguish
fires. Heat causes decomposition to vapor of carbon
disulfide. Wear self-contained, positive pressure
breathing apparatus and full firefighting protective
clothing. Solid xanthates are stabie when kept cool and
dry. However, exposure to heat and moisture can cause
decomposition to flammabie and explosive vapor of
carbon disulfide. Since xanthates decompose in solution,
even at room temperature, fire and explosion hazards
can develop with aging.

REACTIVITY DATA

STABILITY:

CONDITIONS TO AVOID:

Unstable

Heating of solid xanthates or heating or aging of
xanthates solutions.

POLYMERIZATION:

CONDITIONS TO AVOID:

Will Not Occur
None known

INCOMPATIBLE No specific incompatibility.

MATERIALS:

HAZARDOUS Thermal decomposition or combustion may produce
DECOMPOSITION carbon monoxide, carbon dioxide, carbon disulfide
PRODUCTS: and/or sulfur dioxide.

PHYSICAL
PROPERTIES

APPEARANCE AND
ODOR:

Yellow pellets or powder; odor of carbon disulfide

BOILING POINT:

Not Applicable

MELTING POINT:

360-493 F; 182-256 C

VAPOR PRESSURE: Not Available
SPECIFIC GRAVITY: Not Applicable
VAPOR DENSITY: Not Available
% VOLATILE (BY VOL): Negligible
OCTANOL/H:0 Not Available
PARTITION COEF.:

pH: Not Applicable
SATURATION IN AIR Not Available
(BY VOL):

EVAPORATION RATE: Not Available
SOLUBILITY IN WATER: Appreciable
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MSDS NO. 0632-01
AERO® Xanthates 317, 325 and 355

STEPS TO BE TAKEN IN
CASE MATERIAL IS
RELEASED OR SPILLED:

SPILL OR LEAK |
PROCEDURES

Wear NIOSH approved air purifying cartridge or canister
respirator. In addition to the protective
clothing/equipment in Exposure Control Methods, wear
coveralls. Vacuum spills instead of sweeping.

WASTE DISPOSAL

Disposal must be made in accordance with applicable governmental regulations.

HANDLING AND
STORAGE/OTHER:

SPECIAL
PRECAUTIONS

Heating of solid xanthates or heating or aging of
xanthate solutions causes some decomposition to
poisonous and flammable carbon disulfide. Maintain
good housekeeping to control dust accumulations.

pecial precautions against fire and explosion must be
observed in (1) pumping xanthate solutions, (2) draining
mobile tanks, (3) cleaning mobile tanks, and (4)
performing maintenance work on storage tanks and
pipelines leading to and from tanks. Storage tanks
should have certain design features for maximum safety,
and the vapor space should be free of sources of
ignition. Use nonsparking tools and do not smoke when
opening drums of xanthate. Do not use xanthate
products until you have read the “Safety Discussion” in
the AERO Xanthate Handbook from this Company.

Wm A M‘ﬂ Marvin A Friedman. Ph D . Director of Toxica'og, anc Preduct Satst,

This information i1s given without any warranty of representanon We do not assume any legal responsib ity for same. no” do we G & De Tuss on
inducement, or recommendation to practice any patented invention without a icense It is offered solely for your conside-atior. invest.gaton anc

venfication. Before using any product read its label
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NO. 40)
Cane! 1972) Chemical Safety Data Sheet
[ ]
S
UNITED STATES ’é‘
DEPARTMENT OF THE INTERIOR
. BUREAU OF MINES %
WASHINGTON, D.C. 20240 =
=
=)
METAL AND NONMETAL MINE HEALTH AND SAFETY
MATERIAL
CHEMICAL NAME FORMULA CHEMICAL FAMILY
Sodium Carbonate NapCO3 Inorganic Chemical
TRADE NAME
Sodium Ash
PHYSICAL DATA
ELTING POINT (°F TH . 'ALUE t
M (°F) 1564 RESHOLD LIMIT VAL estagiished
BOILING POINT (°F) Decomposes VAPOR DENSITY (AIR=1) e
SPECIFIC GRAVITY (H,0=1) 2.532 VAPOR PRESSURE (mm Hg) e
SOLUBILITY IN WATER 96°F 49.7% MOLECULAR WEIGHT 106.00
APPEARANCE AND ODOR  White - no odor.
FIRE AND EXPLOSION HAZARD DATA
FLASH POINT (Method used) FLAMMABLE LIMITS Lel Uel

- - - -

EXTINGUISHING MEDIA Standard

SPECIAL FIRE FIGHTING PROCEDURES
None

At temperatures above 1000°C, it will decompose and form CO».

UNUSUAL FIRE AND EXPLOSION HAZARDS
None

HEALTH HAZARD DATA

EFFECTS OF OVEREXPOSURE {11 cause severe irritation of the eyes and irritate

skin. Chronic skin ulcers can develop.

M NCY AND, FIRST AID PROCEDURES . .
fnégg ton: Rash mouth an ln‘?ps with water. Do not induce vomiting. Call

a doctor.

Eyes: Flush for a minimm of 15 minutes with water.

Skin: Flush with an excess of water.

Inhalation: Remove to fresh air; give artificial respiration if required.
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STABILITY UNSTABLE CONDITIONS TO AVOID Excessive heat.

STABLE X

INCOMPATABILITY (Materials to avoid) Acids

iy
HAZARDOUS DECOMPOSITION PRODUCTS .
Reacts with hydrated lime to form

: coxm"no.\'s TO AVOID
HAZARDOUS MAY OCCUR

POLYMERIZATION
WILL NOT OCCUR X

Reacts violently during neutralization of acids.

SPILL OR LEAK PROCEDURES

STEPS TO BE TAKEN IN CASE MATERIAL IS RELEASED OR SPILLED,
Sweep or vaccum up-

mey be washed to sewer.

WASTE DISPOSAL METHOD . .
To sanitary landfill.

SPECIAL PROTECTION INFORMATION

RESPIRATORY PROTECTION .
Dust type respirator.

VENTILATION LOCAL EXHAUST . SPECIAL
MECHANICAL (General) OTHER
PROTECTIVE GLOVES EYE PROTECTION
Yes Safety goggles

OTHER PROTECTIVE EQUIPMENT
None

SPECIAL PRECAUTIONS

PRECALTIONS TO BE TAKEN IN HANDLING AND STORING
Store in a cool dry place.

OTHER PRECAUTIONS : .
Avoid acids in- same area.

al
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IDENTIFICATION

Name Sodium Cyanide
Synonyms Cyanide of Sodium

CASName Sodium Cyanide

I.D. ./Codes NIOSH Registry No. VZ 75250
Now./ Wiswesser Codn NO-NAZ

ManufaclurariDistnbu.gor

E. I. du Pont de Nemours & Co., (Inc.)

w{gn?ngton, DE 19898

HAZARDOUS COMPONENTS

Matanal(s!
odium Cyanide

' PHYSICAL DATA

Bailing Point, 760 mm Hg 1496 °C/2725°F
Specific Gravity 1.6

Vapor Density (Air = 1) 1.7

% Volatiles by Vol. 0

Form  Solid Appearance Granular
pH Information Not available

FIRE AND EXPLOSION DATA

Flash Point None Method

Flammable Limits in Air, % by Vol. Not applicable
Fire and Explosion Hazards Will not burn

Extinguishing Media Not applicable

By SEES teneiens

ing areas.
toxic an ffammab §

HAZARDOUS REACTIVITY

MATERIAL SAFETY DATA SHEET

® ®
Tradename: Cyanobrik /Cyanogran

Pg. 1 of 2

Chemical Family Metal Cyanide

CAS Registry No. 143-33-9

Formula = NaCN

Product Information and Emergency Phone (901) 357-1546

Transportation Emergency Phone (800) 424-9300

éggmximate %

Metting Point  564°C/1047 °F

Vapor Pressure Not applicable

Solubility in H2O0  37% (at 20°C)

Evaporation Rate (Butyl Acetate = 1) Not applicable
Coior White Odor Pungent

Octanol/Water Partition Coefficient Not applicable

Autoignition Temperature Not applicable
Lower Upper

Do not uss water if "!.lnvolved in fire. Toxic water soluti
ontact wit h
e hydrdgen cyanide gas.

acids or acid salts will release gﬁfy

Instability Will react with acids to liberate highly toxic and flammable hydrogen cyanide gas.
.. incompatibility

Decomposition
Polymerization Will not occur.
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(SUPPORTING DATA FOR
RESPONSE TO CCMMENT

HEALTH HAZARD INFORMATION el
.osure Limits OSHA time weighted average (as CN) = 5 mg/m? ‘
Routes of Exposure and Effects Highly toxic; may be rapidly fatal if swallowed or inhaled.

Causes eye burns. eMay irritate skin. \
First Aid Study and plan First Aid action before beginning work with cyanide --- SEE ATTACHMENT.

PROTECTION INFORMATION
Ventilation Use only with adequate ventilation.

Personal Protective Equipment Use respirator if there is danger of breathing dust; air or oxygen

sk in emergencies.
*" Wear cov?rall chemical safety goggles and/or face shield. Rubber gloves for solutions.
y cotton gloves for dry material, .

DISPOSAL PROCEDURES
Aguatic Toxicity Not available.

il L Do not breathe dust or gas. Do not get in eyes. Avoid skin_contacgt.
%%eﬁaﬁg' gg'fﬁeage and store in covered %ontainer penging tragsfer to disposal faciiity.

aste Disposal Comply with Federal, State & Local Regulations._ Do not flush sodium cyanide
Zn o0 sewers which”may contain an acid. If approved, neutralize with sodium or caltium
ypochlorite and flush to waste water treatment system or call disposal contractor.

SHIPPING PRECAUTIONS
|Transponation DOT shipping Name = Sodium Cyanide, solid (or solution). DOT class. = Poison B

‘Srgppin%Contginem 49 STCC Code = 4923228, UN No. 1689, 1IMCO Class 6.1, Railroad tank cars.
10- inS . Drums.

St iti Store in dr lace. Keep container closed and away from acids, weak

j 3%2 r?glt'gg ts & oxidizing ggents. Dopnot store near foodstuffs’ ’

REFERENCES AND ADDITIONAL INFORMATION

Do not breathe dust or gas., Do not get in eyes. Ayoid contact with skin. Do not
ﬁarﬁyt oo stu?fs. bever ggiior tobacco where contamination with cyanide is possible,
as

oroughly after handling. Wash contaminated clothing before re-use.

SEE: Du Pont Bulletin on Sodium Cyanide
. National Fire Protection Association Manual 49, 491M.

MP-63 L us ey Y
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(SUPPORTING DATA FOR

RESPONSE TO COMMENT
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ATTACHMENT TO SODIUM CYANIDE MSDS

FIRST AID FOR EXPOSURE TO CYANIDE

¢

Always have on hand a Cyanide First Aid Kit and a
Medical Supplies Kit (see Du Pont Product Data Sheet).
Carry patient to fresh air, have him lie down. Remove
contaminated clothing, but keep patient warm. Start
treatment immediately. Call a physician.

ANTIDOTE

IF GAS IS INHALED: Break an Amyl Nitrite Pearl in a
cloth and hold 1lightly under nose for 15 seconds. Repeat
5 times at about 15 second intervals. Repeat as necessary
using a fresh Amyl Nitrite Pearl every three minutes until
3 or 4 pearls have been given. Use artificial respiration
if breathing has stopped.

IF SWALLOWED: Break an Amyl Nitrite Pearl in a cloth
and hold lightly under nose for 15 seconds. If patient is
conscious, or when consciousness returns, give patient one
pint of 1% sodium thiosulfate solution (or soapy or mustard
water) by mouth and induce vomiting. Repeat until vomit is
clear. Call a physician. Repeat inhalation of Amyl Nitrite
5 times at about 15 second intervals. Repeat as necessary
using a fresh Amyl Nitrite Pearl every three minutes until
3 or 4 pearls have been given. Use artificial respiration
if breathing has stopped.

Never give anything by mouth to an unconscious person.

IN CASE OF EYE OR SKIN CONTACT: Immediately flush skin
or eyes with plenty of water for at least 15 minutes. Call
a physician.
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A Chemical Safety Data Sheet
- ) o)
o
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UNITED STATES g
DEPARTMENT OF THE INTERIOR Q
BUREAU OF MINES ;
WASHINGTON, D.C. 20240 G
3
METAL AND NONMETAL MINE HEALTH AND SAFETY
MATERIAL
“TREMICAL NAME FORMULA CHEMICAL FAMILY
Sodium cyanide NaCN Inorganic chemical
TRADE NAME 45 ym Cyanide
PHYSICAL DATA
FUELTING POINT (°F) THRESHOLD LIMIT VALUE
; 1040 ot established
BOILING POINT (°F) 2723 VAPOR DENSITY (AIR=1) .
SPECIFIC GRAVITY (H,0=1) VAPOR PRESSURE (mm Hg) _
SOLUBILITY IN WATER Complete MOLECULAR WEIGHT 49.01
RANCE AND ODO .
L Dok White solid - odorless when dry
FIRE AND EXPLOSION HAZARD DATA
TLASH POINT (Method used) - FLAMMABLE LIMITS Lel Uel
EXTINGUISHING MEDIA
Water
ECI: SHTIN j :
SPECIAL FIRE FIGHTING PROCEDURES o .+ ..c0 (O, as it is possible o PotE
WQ_B&L__AMQ—LCI‘ the fire from the upwind side and wear self

contained breathing apparatus.

UNUSUAL FIRE AND EXPLOSION HAZARDS - pyoiq water contact with molten sodium

cyanide as a severe steam explosion will result.

HEALTH HAZARD DATA

EFFECTS OF OVEREXPOSURE See attached information

EMERGENCY AND FIRST AID PROCEDURES

.See a.tta.ché’d 3pnformation

!
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REACTIVITY DATA

STABILITY UNSTABLE CONDITIONS TO AVOID

STABLE X

INCOMPATABILITY (Materials to avoid) K1 melis and salte of hesay metals

HAZARDOUS DECOMPOSITION PRODUCTS HCN

CONDITIONS TO AVOID
HAZARDOUS MAY OCCUR

POLYMERIZATION
WILL NOT OCCUR X

SPILL OR LEAK PROCEDURES

STEPS TO BE TAKEN IN CASE MATERIAL 1S RELEASED OR SPILL
ED yacuum and sweep up all

material. In case of liquid, dilute with a deluge of water, and wash to sewer.

WASTE DISPOSAL METHOD : s
Consult a chemical manufacturing Co.

SPECIAL PROTECTION INFORMATION

RESPIRATORY PROTECTION

Dust mask
VENTILATION LOCAL EXHAUST X SPECIAL
MECHANICAL (General) OTHER
PROTECTIVE GLOVES Yes EYE PROTECTION Safety goggles

OTHER PROTECTIVE EQUIPMENT : ! - :
- Self breathing apparatus, if fire is present or

a chemical reaction has started.

SPECIAL PRECAUTIONS

PRECAUTIONS TO BE TAKEN IN HANDLING AND STORING i
Never store near acids, salts of

heavy metals or oxidizers.

OTHER PRECAUTIONS

r‘dP‘-66 * U, 8, GOVERNMENT PRINTING OFFICE : 1972 O - 462- 263



NaCN

EMPLOYEE SAFETY
EMPLOYEE EDUCATION AND TRAINING

gafety in nandling sodium cyanide depends, to & great extent, upon
the effectiveness of employee education, Proper safety instructions, intel-
ligent supervision end the use of safe equipment.

The education and training of employees to work safely and to use

the personal protective equipment or other safeguards provided for them 1s
the responsibility of supervision. Training classes for both new and old
employees should be conducted periodically to maintain 2 high degree of
safety in handling procedures.

Fmployee education and training should emphasize the need to handle
sodium cyanide according to the methods outlined in this Data Sheet and

the necessity to avoid spills, leaks, burns, inhalation of the dust, and
ingestion.

New employees should be instructed thoroughly in the proper handling
of sodium cyenide vefore they &are allowed to work in an area where the
meterial is made, handled, oT used. Older employees should be reinstructed
and quizzed periodically.

Fach employee should know the location, purpose, and methods of
maintenance of personal protective equipment. They should also be trained
thoroughly &s to when and how to use this equipment.

Each employe€ should know the 1ocation of gafety showers, bubbler
fountains for flushing the eyes, hose lines, and other washing facilities.

Each employeeé should know what to do in &n emergency arising from
the handling of sodium cyenide. He should realize the necessity for the
prompt application of first aid in case of ingestion, inhalation, oT
skin contact.

A1l employees should be trained to wash out their mouths with water
if the sense of taste jndicates the presence of sodium cyanide. The water

Quv7YH

mst not be gwallowed. !

A1l employees should be instructed to report to the proper authority
all equipment failures and/or signs of illness.

Job instructions, including safety precautions, should be posted in
the work areé.




PERSONAL PROTECTIVE EQUIPMENT

Eye Protection

Chemical Safety Goggles. Cup type or rubber framed goggles
equipped with approved impact resistant glass or plastic lenses, shoulj
be worn whenever there is danger of sodium cyanide in water solution
coming in contact with the eyes. Goggles should be carefully fitted
by adjusting the nose piece and head band to insure maximum protection
and comfort.

Spectacle Type Safety Goggles. Metal or nonflammsble plastic rim
safety spectacles with side shields which can be obtained with prescripti:
safety lenses, or suitable all plastic safety goggles may be used where
continuous eye protection is desirable, for example, in working with
fused salts containing sodium cyanide. These types, however, should not
be used where complete eye protection against chemicals is needed.

Face Shields. Nonflammeble plastic shields (full length, 8 in,
minimum) with forehead protection maey be worn in lieu of, or in addition
to, chemical safety goggles where complete face protection is desirable,
Chemical safety goggles should always be worn as added protection where
there is danger of material striking the eyes from underneath or around
the sides of the face shield.

Respiratory Protection

Two distinct respiratory hazards are possible where sodium cyanide
is manufactured, stored, or used: (1) The hazard of inhaling hydrocyanic
acid gas in the event of acids or acid salts coming in contact with
sodium cyanide, and (2) the hazard of inhaling sodium cyanide dust.

Respiratory protective equipment intended for use in connection
with the hazards of hydrocyanic acid gas or sodium cyanide dust must be
carefully maintained, inspected, cleaned and sterilized at regular inter-
vals, and always before use by another person. Personnel wearing such
equipment must be carefully instructed as to its operation and limitatior.

Air or oxygen supplied masks must be worn for protection where an
oxygen deficiency, less than 16 percent by volume, or & concentration of
a harmful gas above 2 percent by volume may be encountered for a few
minutes in connection with rescue work or a similar emergency such as:

(2) In fumigating with sodium cyanide and an acid, the liberated
hydrocyanic acid gas being the fumigant.

(b) In emergencies when the vapor concentration of sodium cyanide
is not definitely known.
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Only masks approved for this purpose by the U.S. Bureau of Mines
should be used and the manufacturer's instructions must be carefully
followed. Types generally available include:

(a) gelf-contained Breathing Apparatus permitting the wearer to
carry & supply of oxygen or air compressed in the cylinder, the self-
generating type which produces oxygen chemically, and the re-breathing
type.--These allow considerable mobility. The length of time a self-
contained breathing apparatus provides protection veries according to
the amount of air, oxygen or regenerating material carried. Compressed
oxygen should not be used in confined spaces such &8s tanks or pits.

(b) Positive Pressure Hose Masks supplied by blowers requiring no
internal 1ubrication.--The wearer must be able to use the same route for
exit as for entrance and must take precautions to keep the hose line
free of entanglement. The air blower must be placed in en area free of
contaminants.

(¢) Air-line Masks supplied with clean compressed air.--These are
suitable for use only where conditions will permit safe eacape in case

of failure of the compressed air supply. These masks are usually supplied
with air piped to the area from & COmMpressor. It is extremely important
that the air supply js taken from & safe source and that it is not con=-
teminated by oil decomposition from inadequate cooling at the compressor.
The safer method is to use a separate compressor of the type not requiring
jnternal lubrication. Pressure reducing and relief valves, &S well &s
suitable traps and filters, must be installed at all mask stations. An
alternative arrangement frequently used is high pressure breathing eir
from stendard (200 cu. ft.) cylinders, with & demand-type velve and face
piece. This arrangement may also be used with 50-100 1lb. clean piped
plent air, and, as an additional precaution with the demend mask, & small
cylinder of compressed air may be worn for use as an emergency escape

from the area. Consult a reliable safety equipment dealer for details

on the proper use of Bureau of Mines approved equipment.

(d) Industriel canister Type Gas Masks approved by the U.S. Bureau
of Mines, fitted with the proper canister for absorbing hydrogen cyanide
vapor.=--These will afford protection ageinst concentrations not exceeding
2 percent by volume when used in accordance with manufacturer’
structions. The oxygen content of the air must not be less than 16 per-
cent by volume. The masks should be used for relatively short exposure
periods only. They may not be suitable for use in an emergency since,

at that time, the actual vapor concentration is unknown and an oXygen
deficiency may exist. The wearer must be warned to leave the contaminated
area immediately on detecting the odor of a harmful vapor. This may
jndicate that the mask is not functioning properly, that the vapor con=
centration is too high, that the canister is exhausted or that the mask
is not properly fitted.
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Because hydrocyanic acid may by absorbed through the skin, persons
- entering a gas-filled area for emergency purposes must wear gas-tight

garments, such as those designed for gas decontamination squads during
the war, in addition to the prescribed respiratory protection.Gas-tight
suits are available commercially.

Dust respirators approved by the Bureau of Mines, will afford pro-
tection against sodium cyanide dust. The respirators should be cleaned
at frequent and regular intervals, and the filters should be changed
when breathing resistance increases., If the odor or taste of hydrocyanic
acid becomes noticeable, a full face mask approved for the material
should be used.

Body, Skin, and Hand Protection

Aprons made of rubber or other suitable protective material should
be used for protection against accidental contact.

Dry cotton gloves should be worn to protect the hands from solid
sodium cyanide.

Gloves made of rubber or other suitable protective material should
be worn to protect the hands from sodium cyanide soluticn.

Sleeves made of suitable protective material should be worn when
the need for complete arm protection is indicated.

Suits made of rubber or suitable protective material and properly
designed should be used to provide complete body protection where sodium
cyanide or its solutions are handled and when such protection is indicatei.

Clothing wet by sodium cyanide solutions must be removed immediately,
and the body must be washed thoroughly before clean clothing is put on.
Splashed clothing must be washed thoroughly and dried before it is worn
again,

EMERGENCY KITS

Emergency kits should always be quickly available and readily
accessible to every operating area. However, they should not be located
in the operating area lest they not be accessible in case of a spill.
SAFETY SHOWERS AND EYE BATHS

A readily accessible, well marked, rapid action deluge type safety

shower should be availeble in any area where sodium cyenide either as &
solid (dust or granular) or in solution is handled. Special eye washing

L
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fountains, or a ready source of running tap water such &s & bubbler

fountain, or & hose with a soft, gentle flow of water, should be available
for eye irrigation. A1l of this equipment should be inspected at fre-
quent and regular intervals to insure that it is in working condition at
all times.

WASHING FACILITIES

Adequate washing facilities should be conveniently located for the
use of employees before eating, smoking or leaving the plant. A shower is
recommended for the latter time. Locker facilities also should be pro-
vided for a complete change of clothing.

EATING FOOD AND CHEWING TOBACCO

Food, gum and tobacco should not be carried in work areas where
contamination with sodium cyanide is possible.

FIRST AID

GENERAL FRINCIPLES

Prompt treatment of cases of sodium cyanide poisoning is of the
utmost importance. If the patient has breathed sodium cyanide dust, he
should be immediately removed to an area free from dust. If solutions
of cyanide or molten cyanide have contaminated the skin or clothing, the
clothing should be immediately removed and contaminated skin areas
copiously flushed with water until all cyanide has been removed. The
clothing should be thoroughly cleansed before being reworn.

Someone should be sent immediately to call for a physician, and
in the meantime first aid should be started. The physician should be
told the exact location of the patient and the nature of the accident.

Maintenance of respiration is the most important initial first aid
measure. If breathing has ceased, an effective method of artificial
respiration should be started at once. Anyone properly trained may use
8 resuscitator or give mouth-to-mouth resuscitation.

CONTACT WITH SKIN OR MUCOUS MEMBRANES

If the patient has inhaled sodium cyanide dust or swallowed sodium
cyanide, first aid for jnhalation and/or ingestion should be given first.

The emergency shower should be used immediately to remove the
sodium cysnide with large quantities of water. Contaminated clothing
should be removed under the shower. Skin areas should be washed with
large quantities of soap and water. Contaminated clothing and shoes

MP-71



should not be worn until they have been thoroughly washed and
decontaminated. No ointments or salves should be applied for 24 hours,
A physician should see 2ll cases other than minor exposures.

Sodium cyanide may be absorbed through the skin, especially if the
skin is broken by small wounds, and fatal poisining can follow. There.
fore, additional first aid procedures may be necessary.

CONTACT WITH THE EYES

If sodium cyanide has entered the eyes, they should be irrigated
immediately with large quantities of water for & minimum of 15 minutes
The eyelids should be held apart during the irrigation to insure con-
tact of water with all tissues of the surface of the eyes and lids. A
physician, preferably an eye specialist, should be called into attendance,
If a physician is not available, the eye irrigation should be continued
for a second period of 15 minutes. No medicements should be instilled
in the eyes unless ordered by a physician.

TAKEN INTERNALLY

The patient should be removed to fresh air; and if he is conscious,
he should be made to vomit by giving him an emetic of warm salt water
(1 tablespoon of salt to each cup of water). This should be repeated
until the vomit fluid is clear. To induce vomiting, the patent should
be encouraged to stick his finger down his throat. He should then be
given orally one pint of a 1 percent solution of sodium thiosulfate, to
be repeated in 15 minutes.

Nothing should ever be given by mouth to an unconscious patient.

If breathing has stopped, an effective means of artificial
respiration or resuscitation should be started as soon as it is certain
that the patient has a clear airway. This is done by examining the mouth
to see if the tongue has dropped back. If it has, it should be pulled
forward. False teeth, loose bridges, chewing gum, tobacco, ete., should
be removed to prevent the patient from choking. Oxygen is recommended
and may be administered by anhone properly trained.

If the victim is breathing unassisted, amyl nitrite may be ad-
ministered 15 to 30 seconds each minute. This may be alternated with
the administration of oxygen which should be carried out the remaining
part of each minute,

INHALATION

A worker with symptoms or signs of cyanide Poisoning should be
moved pramptly to an uncontaminated area.
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An effective method of artificial respiration or resuscitation.must
pe started at once 1f breathing has ceased, and it must bve continued
uninterruptedly until breathing has been resumed. If available, OXygen
administration is advisable.

A physician should be called jmediately, and the first aid kit
mede ready. The physician should be told the exact location of the
patient and the nature of the injury.

A first aid kit containing the following items should be readily
available. (A Cyanide Antidote Peckage is availeble only from Eli
1illy and Companys, Tndianapolis, Indiana.)

> poxes (2 dozen) of emyl nitrite* pearls
o> sterile ampules of sodium nitrite solution
(10 cc of & 3% solution in each)
2 sterile ampules of sodium thiosulfate solution
(50 cc of & 25% solution in each)
one 10 cc and one 50 cc sterile syringe with sterile
jntravenous needles
1 tourniquet
1 stomach tube
1 dozen gauze pads and 1 small bottle of 70% alcohol
5 one-pint bottles of 1% sodium thiosulfate solution
*Amyl nitrite is unsteble and should be replaced annually.

The kit should be conveniently 1ocated and checked at regular
intervels by & responsible person.

WARNING: Amyl nitrite should not be used near &any source of
ignition such as an open flame or cigarette.

1f able, the patient should breathe the contents of amyl nitrite
pearls 15 to 30 seconds each minute until, 1f necessary, five pearls
have been used. The pearls are to be wrapped lightly in & handkerchief
or gauze ped, then broken in the wrapping and the latter held about

one inch from the patient's mouth and nose.

WARNING: Those giving first aid should be careful to keep the
broken pearls away from their own mouths and noses; otherwise, they may
inhale the amyl nitrate, become dizzy, and be rendered incompetent to
give proper assistance to the poisoned worker.
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™ D 270
CHEMICAL NAME (In Full) 3 : ’ _ . | FRODUCT NAME Technical
i Sodium Bichromate Dihydrate : Sodium Bichromate Granular

rdawu _
. . _NaszzOy-ZHzO

- GENERAL INFDR_HATIOH

B I, P TS S - ol

Sodium bichromate is commercially available as a concentrated liquid ‘and as a
granular product. Sodium bichromate is widely used in chemical and allied industiries.

Sodium bichromate is unregulated by the Interstate Commerce Commission. 1t is mildly oxidiz-
ing In character but becomes a strong oxidizer in concentratcd solutions in presence of ntroiy
acids. Sodium'bichromate is noncorrosive to metal, jis noncombustible but may react slowly
wi:h‘cé%tain organic material such as paper and clothing fibers. o

> . -
HAZARD CLASSIFICATION S}
I. IMPORTANT PHYSICAL and CHEMICRL PROPERTIES
»--ca sTareL1quid or Solid FLAMMABLE LiniTs  _ . VAPOR PRESSURE ——
ystals S
id - dark red
.‘. Ligu , 94Tw 3 : LIGHT SENSITIVITY At i LA
Crystals - orange-red . - el ) _
O0OA None soLveiLiTy (20000 70%Z by weight - -
FLASH POINT . SPECIFIC GRAVITY . B
Srond Cupl #0100 1 706 for 70Y% solution :
400°C THRESHOLD- :
EOILING POINT : twntvaive - O+1 mg/cubic meter % VOEATILE —
: decomposes {AIR BORNE) as Cr03 _ (Volume) -
AUTOIGNITION VAPOR DENSITY ' EVAPORATION RATE
TEMPERATURE - - - Alfl .10 ———— o . tEl:Jur- 1.0) ~mewes
. 10 centipoises for | T
CRITICAL TEMP, ———— VISCOSITY 20°C _ __, : . BLACTIVITY o, , . s .
. : 70% solution 43ildly oxidizing in
oensiTy aT 2% 2.35 for solid miniiALLETHAL  Poisonous - see solution but becomes strongly
N . s 0
- - 0% section on health hazards | oxidizing in strong acid
HEAT OF . 2, ‘1 | solution.
wmeustion  MNoncombustible toso et _ —_—— . L4

M. CHEMICAL RCACTIVITY DATA

STACLE -E]\." D,,, ' SELFPOLYMERIZE D"" ’ E]N

HAZARDOUS DECOM?O3ITION PRODUCTS

None

—_—— 4
AVOID CONTACTS ViITH THESE MATERIALS

© 'ng acids and oxidizable materials if in presence of acid‘s'..

- — —_—

W/7:50% 10 AvD:D .
avoid contact with eyes or skin. Avoid breathirg vapors or dust. Do not take internally.
Avoid storage in humid air. : :
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Remaining traces should be neutralized with soda ash.

] .' i = i - . . _' : ‘ ' 2 . - 3
LS AL EAIS "Solids may be shoveled up, followed by flushing with water.

‘g gt R AR RSl R e T RESPONSE TO COMMENT

V/ASTE D'SP_OSAL> The hexavalent chromium in sodiun bichromate solutions may e reduccd

to trivalent chromium by a varjety of reducing agents such as sodium
bisulfite, sodium sulfite, sulfur dioxide or ferrous sulfate or
chloride., The reduced chromium may then be precipitated as the hydxon
. .chromic oxide by neutral izing to a p}] of 7.0 with soda ash, caustic
. . soda, or lime.

~

4

[ = ) . =
.?‘:FOS.’-‘.L end RETURNL PRCCEDURES > (Returncble Contciners)

) Most sodiun bichromate containers are nonreturnable. Returnable
T containers should: be tightly clo%d after emptying to avoid °
contamination.

NON-RETURNABLE CONTAINER s>

Empty containers should be rinsed with water before disposal. Methods
of disposal depend upon local laws and ordinances.

=1

SPECIAL HANDLING z2nd STORACE PROCEDURES >

v
©

Store in a dry location to avoid caking- of bagged material and the
rusting of steel drums.

Avoid contact with skin or eyés.

Do not swallov or inhale mists or dusts.
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1i. HEALTH N AZARDS

(SUPPORTING DATA FOR '
. ' T RESPONSE TO COMMENT -
c-r“fll " G o .. '.' ] NO. 40)
SodiUm bichromate is not dangerous to transPQrt and use if handled properly. It may cause'
irritation to mucous membranes and skin. It ¢an cause irritation and conjunctivitis if in
~ ontact #ith the eyes. It can cause ulceration of skin wounds. If inhaled, it can cause

itation of the respiratory system. May cause harmful effects 1f swallowed and death
" can result if ingested in excessivo amounts,

.

"A. FIRST AID PROCEDURES
Ingestation” : * i '
Antidote: Give magnesia, chalk, or vhiting suspended in water.
. tablespoon of mustard in a glass of warm water).
mucilaginous drinks. Call-a physician.

Follow with an emetic (a
Then give olive oil or

ahalation

Irrigate nasal passﬁges and moutﬁlwitﬁ salt water. ~

kmegéh skin with copious quantitles of vater without delay
solutions, or dusts should be removed promptly

Clothing penetrated with

‘ontact Vith Eyes

Flush eyes with water for at .least 15 minutes without delay. Eyelids should be held apart °

’ing irrigation to insure contact of water with entire surface of eyes and’ lids. _ Call g,
sician without delav. " i

8. PERSONAL PROTECTIVE EQUIPMENT _

Gloves, chemical safety goggles, and dust respirator (U.S. Bureau of Mines 2175 model 7100
or American Optical R2090 Red Devil with mist filter or equlvalent )

IV, FIRE and EXPLOSION
General

Sodium Bichromate will not burn or support combustion.

o

Fire Fighting (Procedure, Equipment)
Flush with water.
4
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(SUPPORTING DATA FOR
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NO. 4G)

Product Safety Information

N
SODIUM HEXAMETAPHOSPHATE
s (Glassy Sodium Phosphate)

This Product Safety Information Sheet is principally

directed to managerial, safety, hygiene and medical per- -

sonnel. The description of physical, chemical and toxi-
cological properties and handling advice is based on
experimental results and past experience. It is intended
as a starting point for the development of safety and health
procedures.

I. PHYSICAL AND CHEMICAL PROPERTIES
Formula: (NaPO,). - Na,0

Formula Weight: Polymeric !

Physical State: White granular or powdered solid
Bulk Density: 70-81 Ibs/ft3

Water Solubility: Very soluble

pH: 7 (1% aqueous solution)

Odor: None

Flash Point: None

1I. CHEMICAL REACTIVITY

This material will react as a typical neutral salt.
.
Il STABILITY

. This material is thermally stable.

IV. FIRE HAZARD

This material is not considered combustible, nor will it
support combustion.

V. FIREFIGHTING TECHNIQUE

As in any fire, prevent human exposure to fire, smoke,
fumes or products of combustion. Evacuate nonessential
perscnnel from the fire area.

When there is a potential for exposure to fire, smoke,
fumes. products of combustion, etc., firefighters should
wear full-face. self-contained breathing apparatus and
impervious clothing such as gloves, hoods, suits and
rubber boots.

Use standard firefighting techniques in extinguishing
fires involving this product. Use waler, dry chemicals,
foam, carbon dioxide or other suitable extinguishing
agents.

‘. VL TOXICOLOGY

CAUTION: May cause irritation. Prolonged contact with
skin and eyes may cause irritation.

Ingestion
The acute oral LD50 is greater than 1000 mg/kg in male

- rats. A single oral dose of 1000 mg/kg did not produce

signs of toxicity in male rats.

Skin Contact
Mild irritant to rabbit skin following a 24-hour exposure.

Threshold Limit Value (TLV)
The American Conference of Governmental Industrial
Hygienists has not established a TLV.

For Stauller Reference Only: T-1861, T-4054.
Vil. FIRST AID

CALL A PHYSICIAN IMMEDIATELY

If a known exposure occurs or if poisoning is suspected,
do not wait for symptoms to develop. Immediately initiate
the recommended procedures below. Simultaneously
contact a physician, orthe nearest hospital, or the nearest
Poison Control Center. Inform the person contacted of
the type and extent of exposure, describe the victim's
symptoms, and follow the advice given. For additional
information, call colléct, day or night, Stauffer Chemical
Company (203) 226-6602 or Chemtrec (800) 424-9300.

Ingestion

If swallowed —Immediately dilute the swallowed material
by giving large quantities of water. Induce vomiting by
gagging the victim with a blunt object placed on the back
of the victim’'s tongue. Continue fluid administration until
vomitus is clear. Never give anything by mouth to an
unconscious person. Call a physician or the nearest Poi-
son Control Center immediately.

Skin Contact

Remove any contaminated clotning and wash all affected
areas with plenty of soap and water. Seek medical atten-
tion if irritation occurs.

Eye Contact

Immediately flush the eyes with large quantities of run-
ning water for a minimum of 15 minutes. Hold the eyelids
apart during the flushing to ensure rinsing of the entire
surface of the eye and lids with water. Do not attempt to

¢

In case of suspected exposure, refer to the procedure and emergency contacts in Section VII—FIRST
AID.

In case ol spillage, refer to the procedure and emergency contacts in Section IX—SPILL HANDLING.

In case of animal poisoning, call a veterinarian or call collect, day or night (203) 226-6602 (Stauffer
Chemical Company) or (800) 424-9300 (Chemtrec).

In case of contamination of other materials with this product, call (800) 424-9300 (Chemtrec).

/

AN ntormalion 13 offered »n good lath, wathout guaraniee of obligation lor the accuracy or sufficiency
thereal or the resulls oblained. and 1s accepled al user's isk The uses relerred 1o are for the purpose
of Wik hon Only User shoukd ivestigale and establish the sudabiddy of such use(s) in every case
Nott. =) herewn shall be construed as a tecommendation lor uses which mitinge valid patents or 8§
extendw) 8 hcense unoer vakd patents

Stauffer
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tu!ralize with chemical agents. Obtain medical attention
soon as possible. Oils or ointments should not be used.
Continue the flushing for an additional 15 minutes if the
physician is not immediately available.

Inhalation

Remove from contaminated atmosphere. Seek medical
attention if respiratory irritation occurs. If the victim is
h§v§ag difficulty breathing, oxygen may be administered,
preferably with a physician's advice.

VIIl. INDUSTRIAL HYGIENE

Ingestion

All food should be keptin a separate area away from the
working location. Eating, drinking, and smoking should
be prohibited in areas where there is a potential for sig-
nificant exposure to this material. Before eating, hands
and face should be lhuroughly washed.

Skin Contact )

Skin contact should be minimized through the use of
gloves and suitable long-sleeved clothing.

Eye Contact
Eye contact should be prevented through the use of
chemical safety glasses, goggles or a face shield.

Inhalation

This material should be handled in open or well-ventilated
areas. If dustis generated it should be controlled by local
exhaust venlilation. When this is not feasible, inhalation
can be prevented through the use of a NIOSH-approved,
particulate filter respirator.

9. SPILL HANDLING

ake sure all ﬁersonnel involved in the spill cleanup fol-
low good industrial hygiene practices (refer to Section
Vi,

(SUPPORTING DATA FOR
RESPONSE TO COMMENT
NO. 40)

Spills can be handled routinely. Use adequate venti- ,
lation and wear a dust mask to prevent inhalation. Wear -
suitable protective clothing and eye protection to prevent

-skin and eye contact. Use the following procedures:

Sweep up the material being careful not to create dust
and transfer to an appropriate chemical waste container.
Seal container and dispose of in an approved landfill or
in such a manner that will not adversely affect the envi-
ronment. The residue may be flushed with water.’

IN CASE OF EMERGENCY, CALL, DAY OR NIGHT
(800) 424-9300 (CHEMTREC)

X. CORROSIVITY TO MATERIALS OF
CONSTRUCTION

The material is not corrosive to materials commonly

used in the construction of process equipment, storage

and shipping containers.

Xl. STORAGE REQUIREMENTS

The containers should be stored in a cool, dry, well-
ventilated area. The material is hygroscepic, and there-
fore the containers should be kept closed when not in
use. Exercise due caution to prevent damageto or leakage
from the container.

Xll. DISPOSAL OF UNUSED MATERIAL

Material that cannot be used or chemically reprocessed
should be disposed of in an approved landfill orin such a
way that will not adversely affect the environment.

X1lll. DISPOSAL OF CONTAINER

Empty comainers‘may be incinerated by means equipped
with appropriate environmental pollution controls or dis- =
carded with the general trash.

MP-78
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MATERIAL SAFETY DATA

(SUPPORTING DATA FOR
RESPONSE TO COMMENT
NO. 40)

MSDS NO. 0293-01
CAS NO.
DATE: 07/29/82

PRODUCT TRADEMARK: AERO?® 343 Xanthate
IDENTIFICATION SYNONYMS: Sodium isopropyl xanthate
CHEMICAL FAMILY: Alkyl xanthate
MOLECULAR FORMULA:  (CH3)2CHOC(S)SNa
MOLECULAR WGT.: 176
WARNING CAUSES EYE AND SKIN IRRITATION
HAZARDOUS COMPONENT CAS. NO. % TWA/CEILING REFERENCE

INGREDIENTS

No Permissible
Exposure Limits
(PEL), have been
established by OSHA

NFPA HAZARD
RATING

Not Established

HEALTH HAZARD
INFORMATION

EFFECTS OF
OVEREXPOSURE:

Acute oral (rat) LD50 value is between 0.25 and 2.0
g/kg. Skin or eye contact with solutions of the product
may cause primary irritation. Airborne dust may cause
eye and skin irritation or irritation of the respiratory tract.

FIRST AID:

In case of skin contact, remove contaminated clothing
without delay. Flush skin thoroughly with water. Do not
reuse clothing without laundering. In case of eye
contact, immediately irrigate with plenty of water for 15
minutes. Refer to a physician if irritation persists. If
vapor of AERO 343 Xanthate is inhaled, remove from
exposure. Administer oxygen if there is difficulty in
breathing.

EMERGENCY PHONE:

201/835-3100

MP=79
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(SUPPORTING DATA FOR

. ' MSDS NO. 0293-01
AERO®T 343 Xanthate

EXPOSURE ’ Utilize a closed system process where feasible. Where a closed system is not used,

CONTROL METHOD good enclosure and local exhaust ventilation should be provided to minimize
exposure. Food, beverages, tobacco products should not be carried, stored or
consumed where this chemcial is in use. Before eating, drinking or smoking wash face
and hands with soap and water. Shower after completion of workshift. Launder work
clothing at end of workshift prior to reuse. Store street clothing separately from work
clothing and protective equipment. Work clothing and shoes must not be taken home.
Where engineering controls are effective, respiratory protection is generally not
required. If certain operations require respiratory protection, use a NIOSH approved
respirator recommended by an industrial hygienist. Material causes eye or skin
irritation on contact. A full facepiece respirator will provide eye and face protection.
Wear the following as necessary to prevent skin contact; work pants, long sleeve
work shirt and impervious gloves. For operations where eye or face contact can occur
wear respiratory protection outlined above, (full facepiece) or dust proof goggles.

MP-80



(SUPPORTING DATA FOR
RESPONSE TO COMMENT
NO. 40)

MSDS NO. 0293-01
AERO® 343 Xanthate

FIRE AND
EXPLOSION '
HAZARD
INFORMATION

FLASH POINT:

This product has no flash point or explosive limits.
Carbon disulfide may be evolved; however, (see
Reactivity Data) with a flash point of -22 F.

FLAMMABLE LIMITS
(% BY VOL):

1.25 lower; 50.0 upper (residual carbon disulfide)

AUTOIGNITION TEMP:

248 F; 120 C (residual carbon disulfide)

DECOMPOSITION TEMP:

428-464 F; 220-240 C (residual carbon disulfide)

FIRE FIGHTING:

Use carbon dioxide or dry chemical to extinguish fires.
Do not use water. Do not flush to sewers. Wear
self-contained, positive pressure breathing apparatus
and full firefighting protective clothing. See Exposure
Control Methods for special protective clothing. Dust
may be explosive if mixed with air in critical proportions
and in the presence of a source of ignition. Liberates
carbon disulfide slowly in aqueous solution, or when
heated, or in presence of moisture. Due to its high
vapor density (2.2 @ 100 F) carbon disulfide may
accumulate in the bottom of tanks or drums containing
this product or solutions of it and create a fire or
explosion hazard.

REACTIVITY DATA

STABILITY:

CONDITIONS TO AVOID:

Unstable

Heat or moisture will liberate carbon disulfide which is
toxic and explosive.

POLYMERIZATION:

CONDITIONS TO AVOID:

Will Not Occur
None known

INCOMPATIBLE Acids and strong oxidizing agents.

MATERIALS:

HAZARDOUS Heat or moisture will liberate carbon disulfide. Thermal
DECOMPOSITION decomposition may produce carbon monoxide, carbon
PRODUCTS: dioxide, sulfur oxides and/or carbon disulfide.

PHYSICAL
PROPERTIES

APPEARANCE AND
ODOR:

Yellow pellets or powder; slight, disagreeable odor

BOILING POINT:

Not Applicable

MELTING POINT:

451-462 F, 233-239 C

VAPOR PRESSURE:

Not Applicable

SPECIFIC GRAVITY: Not Available
VAPOR DENSITY: Not Applicable
% VOLATILE (BY VOL): <15.0

OCTANOL/H:0 Not Applicable
PARTITION COEF.:
pH: Not Applicable

SATURATION IN AIR
(BY VOL):

Not Applicable

EVAPORATION RATE:

Not Applicable

SOLUBILITY IN WATER:

Appreciable
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(SUPPORTING DATA FOR
RESPONSE TO CCMMENT
NO. 40)

MSDS NO. 0293-01
AERO® 343 Xanthate

STEPS TO BE TAKEN IN
CASE MATERIAL IS
RELEASED OR SPILLED:

SPILL OR LEAK
PROCEDURES

Where exposure level is not known, wear NIOSH
approved positive pressure self-contained respirator.
Where exposure level is known, wear NIOSH approved
respirator suitable for level of exposure. Same protective
clothing/equipment as in Exposure Control Methods.
Vaccum spill instead of sweeping.

WASTE DISPOSAL

Disposal must be made in accordance with applicable governmental regulations.

SPECIAL
PRECAUTIONS

HANDLING AND
STORAGE/OTHER:

Store in a cool, dry, well-ventilated area. Maintain good
housekeeping to comtrol dust accumulations. Areas
where handling or use may result in the evolution of
carbon disulfide should have fire safe practices and
electrical equipment in accordance with Electrical and
Fire Protection Codes (NFPA-30) governing Class |
Flammable Liquids.

Wm /4 Mﬂ‘v"l Marvin A Friedman, Ph D, Director of Toxicciogy anc Prog.ct Sa‘zt,

This information is given without any warranty or representation We do not assume any iega! responsibitity for same. nor do we Gi. & permission,
inducement. or recommendation to practice any patented invention without a license It 1s oftered solely to- your consideration. invest:gatan and

verfication Before using any product read its label

MP-82
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OENTIECATION MATERIAL SAFETY DATA SHEET

Name Sodium Silicate Solution

Synonyms Water glass

CASName Silicic Acid, Sodium Salt

Manufacturer/ Distributor
E. I. du Pont de Nemours & Co., (Inc.)

Address
Wilmington, DE

19898

HAZARDOUS COMPONENTS

Sodium Oxide (Na:0)
| #6, 22, 26
#16 14, 30, 2.50, 2.58
JM, F, 20wWW
PHYéxCAL DATA

l Matenai(s)

Boiling Point, 760 mm Hg "~.100°C, 212°F.

Specific Gravity 1.39-1.72 depending on grade
Vapor Density Vapor is water

* Volaties by Voi. 70-80
Form Liquid Appearance Viscous,
clear to hazy

pH Iinformation 11-13 depending on grade

FIRE AND EXPLOSION DATA
Flash Point Will not burnMethod
Flammabie Limits in Air, % by Vol.

Fire and Explosion Hazards
Extirguishing Media

Special Fire Fighting instructions

|

HAZARDOUS REACTIVITY

ilns:aoility Stable

Chemical Family Silicate

CAS Regitry No. 1344-09-8

1.D. Nos./Codes NIOSH Registry #WE-06600 (2/1 ratio); WE-06800 (3/1 ratio)

Product information and Emergency Phone
302-774-2421

Transportation Emergency Phone
800=424=-9300

Meiting Point 0°C, 32°F,

Vapor Pressure@ 25°C = 24mm Hg,@ 37.7°C = 49mm Hg
Solubility in H20 Complete

Evaporation Rate (Buty! Acetate = 1)< 1

Color Colorless QOdor Odorless

Octanoi/Water Partition Coefficient

Autoignition Temperature
Lower Upper

Incompatibility No lknown hazardous incompatibility.

Decompositon Will not occur
Polymenzaton w111 not occur

The @sta n this tieterial Satety Dota Shest relesse ondy 10 the specific metenal desigr

harein ond G08S NET rSISte 19 VS N COMNASLION WIth SNy STRGr METenial or In sny

process. The inermation sat 19rTh herew 16 furmished fres of charge snd is Sesed o Ieshnical $et that Du Pont Seiloves 18 De reiladie. R 1 IMENesd for uss By Persans eving
tognmcnd sl ond @l their own glacretion end Nall $inee coNations of vee WY GVNNES S/ CONIIDI, B0 MEke e warr or and
SERAASCTIoNn with sy use of thia infermenen. muwu-h_-a_:“muam-mmm
MD-R17

N Hadity in
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b TO QOMPIENT

NO. 40)

HEALTH HAZARD INFORMATION S odi tm S/ Jieate P 242

Exposure Limits Not established

Routes of Expr utndﬁ;fzcu
Grades #ﬁ 6 cause eye burns, skin irritation °

Grades #16, 30wWWw, 14, 2.50, 2.58 cause severe eye irritation, skin 1rritation
Grades #F, JM, 9, ZOW may irritate eyes and skin

¢

First Aid
In case of eye contact, immediately flush with plenty of water for at least 20

minutes. Call a physician.

In case of skin contact, flush skin with water. Remove contaminated clothing;
wash before re=suse.

PROTECTION INFORMATION
Ventilation Maintain adequate ventilation.

Personal Protective Equipment Coverall chemical safety goggles. Rubber gloves.

Other Not required.

DISPOSAL PROCEDURES

Aquatic Toxicity

Spill, Leak or Retease Flush spill area with plenty of water.

Waste Disposal Comply with Federal, State, Local regulations. If approved, flush to
sewer to waste treatment plant.

SHIPPING PRECAUTIONS
Transportaton  Not regulated by Department of Transportation.

Shipping Containers Railroad tank cars, tank trucks.

Storage Conditions Keep container tightly closed, Store in warm area as needed to
facilate transfer from container.

REFERENCES AND ADDITIONAL INFORMATION
Wash thoroughly after handling. Wash contaminated clothing before reuse. For
more information, refer to Du Pont's Sodium Silicate Data Sheet, Product
Information Bulletin.

E- 21992 DATE:7/79 .

QUPOKED
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RESPONSE TO OOMMENT
NO. 40)

Chemical Safety Data Sheet

t UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF MINES
WASHINGTON, D.C. 20240

METAL AND NONMETAL MINE HEALTH AND SAFETY

MI*M O'NE'N LYOITIS WNIAOS

MATERIAL.

/-_—_ &
ME FORMULA

HEMICAL NA
iy Silicate Na,0.1.68i0

mDEXAME p _ . N, RU,0,K

=

CHEMICAL FAMILY
Alkali Silicates

PHYSICAL DATA
am—— E =
JELTING POINT (°F) e THRESHOLD LIMIT VALUE

I

ot

established

VAPOR DENSITY (AIR=1)

ILING POINT oF.
W CF) 21 20F
FECIFIC GRAVITY (H,0=1) 1.676 VAPOR PRESSURE (mm Hg)

e e

I——— T,
"WLUBILITY IN WATER
: Spluable

?,————'_—“_’___'_—P_._J
| FPEARANCE AND ODOR  coiorless and odorless

—

MOLECULAR W EIGHT

FIRE AND EXPLOSION HAZARD DATA
FLASH POINT (Method used) None FLAMMABLE LIMITS ] Lel ] Uel

EXTINGUISHING MEDIA None required

SPECIAL FIRE FIGHTING PROCEDURES
None

= 0

UNUSUAL FIRE AND EXPLOSION HAZARDS Contains 19 70% Ne~0 31% 510 plus H.O
e 2

HEALTH HAZARD DATA

ETFECTS OF OVEREXPOSURE X :
- Irritates skin and eyes.

=
E

MERGENCY AND FIRST AID PROCEDURES ’ : :
ERLY % Flush skin and eyes jrmediately for 15

minutes with plenty of water; for eyes, cell & physician.

L e

MP-85
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(SUPPORTING LATA FOR
RESPONSE TO CQQMMENT
NO. 40)

B L T dimalial
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STABILITY

REACTIVITY DATA plog v

r
UNSTABLE ‘Iconmnons TO AVOID

- Ld t
STABLE X ;
lNCOMPATABILITY (Materials

to avoid) N.A. —
HAZARDOUS DECOMPOSITION PRODUCTS
—

None

CONDITIONS TO AVOID
HAZARDOUS
POLYM ERIZATION

WILL NoT OCCUR
]

SPILL OR LEAK PROCEDURES

STEPS TO BE TAKEN AL I§ RELEASED OR SPILLED

IN CASE MATER]

PROTECTIVE GLOVES

EYE PROTECTION

Safety glasses
OTHER PROTECTIVE EQUIPMENT

SPECIAL PRECAUTIONS
NDLING AND STORING

THER PRECAUTIONS .
Prevent from freezing,

LA AN § COVERNMEIT nmm::ma o

PRECAUTIONS TO BE TAKEN IN HA

- 442- 233
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SODIUM SILICATES

| and

0 POTASSIUM SILICATES

Storage and handling

LR N I T L .
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NOTICE: MAY CAUSE EYE INJURY AND S8KIN IRRITATION.
See Personal Batety and First Ald on page 8.
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This builetin 18 & guide lor Ihe slorage and handhing
of sodwm siicale and polassium sihcale soiulions
Du Pont manulaciures agueous sodium and polas-
sium siicales n various s:ica/alkah oxide rahios and
concenlratons These siicales are highly slable,
vIsCOus. Opalescenl or clear solulions

Sodium and polassium sihicales are nonllammable
and nonexplosive Theu physiCal properies vary with
sobds conlenl and wilh [he rao ol silica 10 sodium
of polassium Oxide expiessed as 8 weighl rao of
peccent mhca dvided by percenl sodium Of polas-
sium onide (510, Na,;0 or S0, K;0) Some impor-
Lanl properties ol Du Ponl siicale soluhons are hisled
n Tabie | and Table Il The lieezing point of Ihese solu-
nons 15 appionmalely 32 F and specilic heal s ap-
prommately 0 60 100 70 g cal/g-C

Du Pont manulactuies sold sodium and polassium
silicales. including sodium melasiicalea Consull the
neares! sales olhce ol Du Pont s indusinal Chemicais
Department lor turther inlormation

SPECIFICATIONS
SODIUM SILICATE SOLUTIONS
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PRECAUTIONS
. IN USE

Storage tanks and drums musl be mainlained below
90 F and above 32 F lo avoid thermal decomposi-
ion al high temperalures and separalion of solulions
al lreezing lemperatures Duect suniight and heal
should be avorded These lactors must also be con-
sidered in pipe hne placement It separation ol hquid
sihcate occurs. a thorough mixing 1s required

Al loading slaltions, storage areas. and olher loca-
lions where sihicale solutions ate handied. the lol-
lowing should be easily accessible

1. A watar hydrant and hose 10 llush away acci-
dental spills which may cause slipperiness

2. An eye-wash lountain or olher means for washing
tha eyes with a gentie llow ol waler.

Silicale spiis should pe immedialely washed wilh a
large quantity ol water 10 avoid shippery fooling Unless
there 15 quick aclion, spills may build up and become
aithcull 1o remove laler

PERSONAL PROTECTIVE EQUIPMENT

Personal proleclive equipment should protect the
wearer dunng accidents and 1s not a subshiule for
sale working condiions Protechion suggested lor
operaling and mainlenance personnel includes

1. Chemical salely goggles or lace shieids
2. Rubber gloves

SPECIFICATIONS
POTASSIUM SILICATE SOLUTIONS
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UNLOADING
AND
. TRANSFER

ES——

TANK CARS

Du Pont ships sihicale solutions in B 000 and 10,000
gallon lank cars The cars may be unloaded Ihrough
a botlom oullel by gravily llow of pump. air pressure
conneclhions can be supplied on request

Figure 2. page 5 illuslrdtes the lank car dome outlel.
and coil arrangement The boltom outlel 1s equippad
with a 2. or 2Vz-inch Qale valve thal 1s sedled by &
pipe plug in shipment Insida the lank. a carnol-lype
plug valve on a tod lits Lightly inlo the oullet valve
saal The pipe plug in the oullel gale valve 1s 1210 16
inchuas above tha lop of the rails In addibon 1o Ihe
bottom oullel. some newer lank cars ara aquipped
with & dip pipe lor lop unloading

The dome cover 1§ held in place either by a bar
through 1wo yokes (lightened by a lhreaded rod
through the bar) or hinges from bolls through slots
in the cover. The domes also have connaclions tor
air unloading

All cars ate equipped with a salely valve of vent sel
al 30 pounds They have iniernal sleam coils wilth
1¥a- 10 2.inch pipe. the ends ol Ihe coils generally
prolrude Irom the car boliom Insulaled cats are
available 10 meel special shipping silualions

Unioading requires Ihe lollowing sleps:
Placement of Cars

Be sure |he car s pioparly spolled Securely block
Ihe wheels. sel the hand brake, and loliow olher sale
ptactices as outhned in DOT regulauons Place
derails where approprnale

Unloading

8. Romove dome cover and be sure thal plug valve
handle 1s i “"down’ posiion Either leave the dome
caver open or insetl a shck under 1l 50 8iIf may enlar
the car duting unloading Test gale valve on bollom
oullel lo be surg thal il 1s closed

b. Carelully remove pipe plug in discharge side of
Ihe gale valve Il appreciable and prolonged drain:
age occurs teplace ppe plug and gel plug valve
and gdte valve closed propotly

€. Cunnect unloading hing ot @ §i20 swilavie 1o Il the
2.0t 24 anch outiel A secton of reintorced rubber
huse al the ouliel connechun will provide des(able
fleaubly  connecting 1s easier and hine bieakage
lgss hhely

d. Open thy gate valve

». Open Ihe plug valve by lurming the handie inside
the dome

1. By grawity or pump_ lransler the car contenls 10
slorage Occasionally lank cars are unioaded Dy
applying compressed air 10 1he cars |l this meinod
15 used the car dome must be pullad down hightly
belore applying the air Not over 30 pounas of ar
prussure should be used on the car

@- When the car s emply. close plug valve and gale
valve Disconnact the unloading line and replace the
pipe plug in the outlel connection Fasten the dome
caver securely

Precautions

Alter the car 1s emply, precaulions should be laken
10 insure thal the unioading hine 18 drained or llushed
tharoughly. otherwise the siicale may harden of
lrgese in Ihe ina Il gravity unioaded Ihe unicading
line may be cleared by blowing air or sleam liom
\he tank car end of the ine |l pump unioaded the
line should be pumped as dry as possible and a
valve closed on the iniel side of the pump, Ihen
by ait (or prelerably sleam). connecled lo the lank
car side and adjacent to this valve. blow the line
thoroughly

I 18 recommended Ihal the liexible conneclion on
Ihe unloading hne be removable so (hat Il may be
disconnecled and soaked n waler or llushed out
Ihoroughly aller use, hardening ol siicale in Ihe
threaded joinl should thereby be prevenied Cap
the 1ank car end of the ine aller cleanng lo mimimize
drying ol any remaining siicale

Winter Unloading

Furlher precaulions are necessary in cold wealher,
lor cold sihicale solulions are very wiscous and llow
or pump very slowly Lines should be heal lraced
and insulaled

The relation ol viscosily 1o lemperalure 15 shown in
Figure 2. page 6 Since iquid silicalus lrevie al 32 E
and become 100 viscous 10 handly near thal lem
peralute measutes should be laken o prevent such
octutrences Tank cars should be healed 1o 60 F ot
abovu belore unlosding. 70 F s the minimum un
loading lemporatute lor polassium silicale solubion
No 865 and sodwm siicale solutons JMY. No 6.
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No. 14, and No 16 I liozen. thoroughly agilate
the thawed solulion wilth an airsick Under Ihese
condiions the producl 18 unchanged chemically or
physically.

The procedure lor heating cars follows (CAUTION:
use a maximum ol 50 psig sleam pressure ~ high
pressure may ruplure the coils if they are biocked):

1. Be sure the sleam coil ouliel is open.

1. Biow ali waler lrom the sleam line; then connecl
sleam hine 10 coil.

3. Open steam valve and maintain full low of sleam
unlil it llows Ireely lrom the coil ouliel Then reduce
sleam fiow unlil only & smail amount ol sleam es-
capes {rom the oullel

4. Whaen the car conlenis are warm. lurn off the sleam
and unioad as previously described

8. Atter sleaming, clear waler lrom the coila wilh
comptassad aif f air 18 unavailable, use sleam. To
assure drainage do nol replace \he caps on lhe
sleam conneclions

TANK TRUCKS

Tank trucks have vanous maxmum loads. They are
drivel-unioaded by gravily, pump, or compressed air
10 \he cuslomer's 2-, 2Ys-, or 3-inch hine.

To teceive such a ltuck, the consignee needs:

1. An all-wealher, sarviceable roadway lo the un-
loading slalion Railroad sidings with open lLies and
fuli-height rails are nol suilable for lank lruck move-
manis

2, Veruical clearances ol al ieast 13 leel.

3. An open atea al Ihe loading slalion thal parmils
normal maneuverability 10 the Liaclor and trailer.

4. A traclor-lrailer spolting area having a good level
surface capable ol supporting 20,000 pounds per
axle

8. Securely anchored intake lines wilh receiving con-
nechions within 3 10 4 leel ot 1he ground and no
lunher than 8 leel Iram the rear end of Lhe Irailer lank
spotied in normal unloading posilion

Spotting Tank Truck for Unloading
The driver will properly spol Ihe lrailer and will see

(hat both Lraclor and trailer are securely biocked and
prolecied wilh warning signs

Connecting Plant Line
to Product Discharge Valve
The dniver will connecl 1he producl discharge valve

lo the plant unioading ne Polassium silicale solu-
tion Electronics No 200 should be unicaded through

8 hne Liller Some trucks are equipped wilh such a
liller. olherwisa plant personnel should inslall such
a hller in the unloading line

Plant personnel should see Ihal conneclion i1s made
10 the propas plani unioading hine They should also
be sure Ihal all vaivas in 1he line 10 the slorage lank
are open, thal the slotage lank will hold the enlire
load. and ihal the storage lank vent 1s operaling.

Unloading

Translerning the conlents ol the trailer lank lo an
underground slorage syslem can easily be done by
gravily flow Transler 1o 8 lank al or above ground
level can be made by pump Il compressed air is
used 1o unioad a lank lruck, the maximum pressure
should be 30 psig

Disconnecting Plant Line from
Product Discharge Valve

The drver will disconnect the producl discharge
valve irom lhe plant unloading hine al the unioading
slalion. He will assisl planl personnel in washing
down any spillage al the unioading slalion belore
requesting the plant receving depariment person-
nal lor release ol the lank lruck

Winter Unloading

The preceding precaulions lor winler unloading
{page 5) should be observed Since tank lrucks are
nol equipped wilh coils, svery etion should be made
10 prevent freezing

FIGURE 1. VARIATION OF VISCOSITY
WITH TEMPERATURE
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FIGURE 2. TYPICAL SILICATE SOLUTION TANK CAR
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Silicale solulions may be slored and handled In con-
tainars made of non-reacliva melals. such as casl
Iron, nickel, stainiess sleel. and carbon sleel. Con-
crela is also salislaclory Metals such as aluminum,
galvanized won. and zinc should not be used be-
cause hydrogen gas may lorm Silicate solulions
should nal be sloted in glass or under condiions
whare waler can be losl or carbon dioxide ab-
sorbed Among the plasic matenals suilable for
handiing siicale solulions are polyvinyl chlonde
and polyelhylena

STORAGE TANKS

Silicale solulions may be slored in eilher sleel or
concrele lanks wilh capacilies dependeni on con-
sumption and size ol shipmenis Sleel lanks are pre-
ferred bacause ol more economical instaliation, less
isakage atound conneclions, and ability lo be moved

Stael lanks are usually made of welded ¥s-inch sleel.
This thickness depands on whelher Ihe lank is verli-
cal or honizonlal on wind loading. weight ol super-
struclure 1o be supporied. elc.

Tanks for slonng potassium siicale solulion Elec-
tronics No 200 should be stainiess sleel or lined
slesl Two linings which have been found suilable
ate Lilhcole © LC 34 and " Amercoal @ 55

Rainlorced concrele lanks are salislaciory (excepl
for potassium sihcale solulion Elecironics No 200),
bul the lollowing precaulions must be laken in con-
slruction and use

1. The designer musl consider dansily, freezing
point, and need lor occasional clean-oul ol lank

1. The inilial chaige ol miicale may reacl with lrea
lime 10 Ihe conciele lo lorm an insoluble calcium
sicale Because il 1s semi-porous, 1he concrele will
lend 10 absorb Ihe solulion Any line cracks will hil
up with silicale deposils For Ihese reasons. the ini-
Lal charge of miicale solulion should be checked

Chey US Pal kT DR (e ote Conporston 5000 Yeesl Like
birast Mewose Pes B U8

Shrme ol (orpiaaion JUL North ety M bres
Cant @021

carelully 107 sesetian Jddys - waler and sihcale lusses
may changu propethes such as viscomly To jerevent
this probiem Ll the tiew lank wilh waler neulidiize

* the ime atkabtily with acele or sutlanuc acd emply

and rinse the lank and then Wil with siicale

3. Healing concrele lanks i1s dilhicull except lor in-
door localions of in watm chimales — sledm coils in-
side lhe lank become coaled wilh siicate and Ihe
low thermal conduchivily ol concrele makes induect
heating from the oulside inelhicient

4. Silicate solulions slored in concrele show an in-
creased lurbidily due lo magnesium seading cryslal
formation

All silicale lanks should be covered and equipped
wilh a manhole and boltom oullel for inspection
repaus, and cleaning (see Figures 3 and 4) They
should be suilably supporled edher above or below
ground lavel They also should be provided wilh a
venl and nlel and oullel valves I valves are localed
on opposile sidus of @nds of tha lank Lo aliow circu-
lation of solulion, dead areas should nol develop in
Ihe lank. With the arrangement shown in Figures 3
and 4. 1l 18 possible 10 use the unloading pump for
transier of solution 10 the point of use

In addiion lo tha convenlional oulside gale valve, il
18 desirable that slorage tank oullels ba equipped
wilh plug valves similar 10 Ihose on tank cars Such
an installation permils repainng the outlel gale valve
and liings without lirst draiming the slorage lank

Since silicale solulions lteeze near 32 F, slorage
tanks mus! be localed or designed 10 prevent lteaz-
ing 1n winter The tanks may be localed n @ healed
building, bul outside lanks are salislactory il healed
and insulaied 1o mainiain 60 F Because of viscosily
considerations, sodwm Gihcale solulions JM®* No
6. No 14 and No 16 and polassium silicate solubion
No 865 should be maintained at 70-90 F Insulation
such as 2.nch mineral wool blankel and asphallic
wealher coaling are recommended Exlernal heating
devices (low-pressure sleam coils or electnc heat-
ing elements) are prelered since inletnal healing
resulls 1n baking ol the silicale on the healing unil
as well as concenlration ol the solulion with sludge
lormalion, and ulimale sohdihcation of the enlire
contents of the lank

PIPING

Piping can be iron or steel with screwed or welded
fiings

VALVES

Rubber diaphragm or plug valves are salislaclory,
although yale valves and ball valves are ollen used
Globe valves should be avoided

FIGURE 3. UNLOADING AND STORAGE LAYOUT
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PUMPS

Rotary gear of centritugal pumps constructed of cast
iron of sleel are recommended. Quar pumps require
eilher internal or exlernal rehel of pressure

Gaenerally, unioading requires a high capacily pump
peared lo an slecinc molor through a speed reducer
A 2-inch inletl and oullel connechion Is usually salis-
taclory The pumping and handiing syslem should
be arranged 8o thal the pump will remain lull al ail
umaes.

Packings should be kepl uighl. or shatt scoring lrom
dned silicale rasulls, making it impossible 10 keep
packings in A waler dnip near the packing will help
ptavent sdicale from drying and sconng the pump
shalt unul packing glands can be ighlened of pack-
ing renewed Packings should be Garlock #5203
or the equivalent

LEVEL GAUGE

Floals allached 10 an indicalor by ropes and pulleys
can be used 10 measure silicale solution level in
lanks Rods are slill Ihe mosi accurale

METERING PROCESS

Volumelnc measuring lanks are most praclical lor
usual siicale consuming operalions However, in
high capacily of conlinuous operalions, a magnelic
lowmeler hned witn TEFLON® flluorocarbon resin is
recommended

NEW EQUIPMENT

New equipmeni should be cleaned belore use lo
avoid possible contamination ol the sihicale solu-
tons This 18 espocially imporiant in chemical proc-
ess08 such as lexlile or pulp bleaching

Storage Tanks

1. To remove all rust. mill scale and ofganics, sand-
biast the lank

*Rag US Pard Im O & | ou Poni de Nemowrs b Co (v )

2. To remove loose scale and organics. scrub the
surlaces wilh a guod melal cleaning and degreasing
delargent and waler

3. Toremove loose scale. use a high pressure waler
hose and/of a8 heavy wire brush

For all Ihe above cases. llush the tank (horoughly
wilh waler aller cleaning. and coal the surlaces with
siicale solulion as rapidly as possible 1o prevenl
funhar rusiing

Pumps and Transler Lines

1. To remove loose scale and organics, pump a de-
tergent solution through the hines and llush the pump
and lines with waler

2. To remove loose scale, pump waler Ihrough the
lines In both cases. pump some silicale solution
thtough the hnes after the waler llush 1o prolecl
agains! rusling

EQUIPMENT IN USE
Storage Tanks

Drain and llush with a high pressure hol waler hose
Periodic cleaning 1s rtecommended because notrmal
deposils become difhcull 1o remove 1If cleaning 18
delayed lor several years |l may be necessary lo re-
move tesidual sediment by air hammer and shovel.

 PERSONAL j
{ SAFETY :

S80DIUM SILICATES

All spuiis of sodium silicale solutions should IMmed: -
alely be washed away wilh large volumes ol waler 1o
avowd slippety looting Quick aclion s necessary be-
cause splis can buikd up and becoma more difticull
10 temove laler

Sodium silicale solubions and powders are alkualing
and may ilfilale skin OF cause eye injury Labotatoty
losis wilh rabbuts indicale Ihal the pancipal hazard i1s
10 the eye The mosl imporiant step in hirsl aid in case
ol eye conlacl 18 inmediale flushing (within 20 sec-
onas) wilh plenty of waler lor al least 15 munules

Eyes

Eye lesis conducied on 1abbis demonsirated that the
exten! of injury vaned wilh ihe pH of ihe product The

mosl alkaline siicates. for example sodum siicate
No 6 (pH 12 8) can cause eye burns which are nol
raversible even il promplly liushed with waler The
lgas! alkahne siicales. such ds sodium siicate No 9
(pH 11 3). can cause aye irnlation which 1s reversitie
even withoul llushing wilh waler

The precautions in handing ate descnbed below lof
producl groups having sunilar hazards 1o the eye

Bodium Siicates Nos. 26, 22, 8-Gilass, and §-Solution
—Solulions and powders can cause severe 8ye buins
which resull In parmanent eye damage

Do not gel Inese siicale solulions Of powders IN ayes
in case of conlacl, immadiately lush eyes wilh plenty
ol waler tor al least 15 minutes Call a physician
immedialely

Wear chemical goggles whenever the possibiity of
aye contact wilh siicales exisls

Sodium Silicates Nos. 16, 14, 30WW, and Mineral
Adhesive—Sululions can cause severg aye itnlabon
Pernnanent eye damage can resull from conlact with
sodium silicate No 1611 111s nol promplly fiushed oul
ol ayes with watat With prompt llushung the elecis
ard reversible There 1s much less possibility of senous
permanant complications in the case ol contact with
sodium siicale No 14 or Mineral Adhesive

Avaid contact ol these silicale solulions wilh ayes In
casd ol contact, immediately llush with plenly of water
lor at least 15 munutes Call a physician promplly

Wear chemical goygles whenever possibiity ol eye
conlacl with Ihese siicales exisls

Sodium Bilicates Nos. 20WW, 8, F, F-Glass, and
**JM"—Solutions and powdars can cause eye inlalion

Avoid conldact of these siicale solulons of powders
wilh [he eyes In case ol conlacl. immedialely lush
eyus wilh plenty ol waler for at leas! 15 minutles Call
a physician promplly

VYWuanng of chemical gogyles 18 suggesied whenever
possibilily of eye conlact wilh [hese silicales exisis

8kin

Laboratory lesis indicale thal sodium silicales are nol
pomary wnlants Lileralure relsrences suggest that ihe
ellecls on Ine skin would be typical ol a mild alkal
Accordingly, the more dikaling silicales such as Nos
22 6. 26_and 16 may causa irnlahon

Conlacl of siicales wilh the skin should be avoided
In case ol contacl, lush skin thoroughly wilh waler
Promplly remove contaminated clothing and wash
beluie re-use

Prolonged contacl ol the skin wilh any sihcale solu-
hon or powder should be avonded Exposure ol 3kun lo
silicdles can be mininuzed by weanng rubber gioves

POTASSIUM SILICATES

Polassium siicale solulions and liake are alkaline and
may iinlale skin and cause eye injury Laboalory lests
wilh rabtuls indicale 1hal Ihe prncipal hazaid 1s 10 the
eyes The mosl imporiani slep in fusl ad in case of
eye conlacl 1s immediale llushing (within 20 seconds)
wilh plenty of waler for al least 15 minules

Eyes

Potassium Sliicale Nos. 30, 885 and Elecironics
200 Bolutions - These solulions can cause moderale
10 suvere eye irnlabkon

Avoid conlact of these polassium sdicale soluliung
wilh the eyes In case of conlacl immedialuly lush
eyos wilh plently of waler lor 8l least 15 munules Call
a physician promptly

Wuaring of chemical salely goygles is recommended
whenever Ihe possibility ol eye conlacl with Ihase
siicatles exisls

Polassium Silicale Glass (Flake)—The glass sohds
are corosive 10 the eye and can cause peimanen|
eye damage il nol promplly llushed oul wilh waler

With prompl flushing. Ihe elfects are reversibie Solu

1ions of suSpPensions ol tha glass in wales Can cause
ayea untahon

Do nol get Ihe llakes in Ihe eyes In case ol conlacl
immediglaly llush eyes with plenly ol waler lor al least
15 nunules Call a physician promplly

Wear chermical gogyles whenever 1he possibility ol
aye conlact wilh the llake produc! exisis

Skin

Luaboratory lesls indicate thal alkali sihiCales are nol
pumary utitanis Etlects on the skin would be lygucal
ol & rmild atkali, 0 thal the more alkaling pioducls may
cause inlalon

Contact ol polassium silicales with Ihe skin should be
avoided In case ol conlct llush sn thotoughly
wilh walgr Promplly temove contaminaled clothing
and wash buloie 1euse

Prolonged conlact ol the skin with any al Iha polas-

sium sihicate solulions of llakes shoukd be avouded and
rubber gloves shoukl be worn 10 piotect the hands
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Technical data

Sodium Sulfide

60% flake
CAS No 1313-82-2

- Formula . Na:S, 60% ) MW (mol) 78.06
Description Yellow, odorless flakes
Chemical properties

Typical analysis*

Na:S + NaHS as Na:S, % by weight 60.3
Hydrosulfide as NaHS, % 25
Moisture, % e 36

Thiosulfate as Na25:203,%.. .. - iy 1.0
Carbonate asNa:C03,% = -~ ' 0.4
Polysulfide sulfuras S, % 1= = = o4 06
Iron as Fe:0s, ppm (ug/g) 20

*Typical analyses are based on average production material and are not binding specifications.
Customers should specify requirements on critical components and properties.

Physical properties

Solubility, g/kg water, at 10°C 280
at80°C 1300

Flake thickness, inches (mm) 0.03

Bulk density, Ib/{t3 (kg/m?3) 56 (900)

Screen analysis*
Cumulative, %

RetainedonU.S. 10(2.00 mm) 90
Retained on U. S. 100 (150 ,um) 100

*Metric-SlI values from ASTM Standard E-11-70
based on ISO recommendation

Hazardous properties

Contact with the material in solid or dissolved form can cause
skin irritation or chemical burns. Contact with acid will liberate
the poisonous gas H,S; sodium sulfide can be poisonous if
swallowed.

For details request a Material Safety Data Sheet.

Standard container
400 Ib (181 kg) drums—approx 60 gal (227 liter) with either
full open head or 14 inch (0.36 m) lug cover

The information contained herein is, 10 our knowledge, true and accurate. Because conditions of use are beyond our control, we make no warranty cr
representation, express or impled, except that the products discussed herein conform to the chemical descriptions shown on their labels. Nothing
contained herein should be construed as permission or recommendation to infringe any patent No agenl. representative, or employee of this compzny,

i i ny of the terms of this Noftice.
1s authorized to vary any of the MP-93

FMC Corporation Industrial Chemical Group 2000 Market Street  Philadelphia Pennsylvania 18103

EHective 12/80 Di-i=
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RTING DATA FOR
RESPONSE TO COMMENT
NO. 40)

U.S. DEPARTMENT OF LABOR Foiln Spbiaon :
Occupational Safety and Health Administration

MATERIAL SAFETY DATA SHEET

Required under USDL Safety and Health Regulations for Ship Repairing,
Shipbuilding, and Shipbreaking (29 CFR 1915, 1916, 1917)

SECTION |

MANUFACTURER'S NAME EMERGENCY TELEPHONE NO.

The Ansul Company 715/735-7411

ADDRESS (Number, Street, City, State, and ZIP Code,
One Stanton Street, Marinette, Wisconsin 54143

CHEMICAL NAME AND SYNONYMS TRADE NAME AND SYNONYMS
Sulfur Dioxide Ansul Sulfur Dioxide
CHEMICAL FAMILY FORMULA

Oxide of Sulfur 502

SECTION Il - HAZARDOUS INGREDIENTS

PAINTS, PRESERVATIVES, & SOLVENTS | % 1;::31 ALLOYS AND METALLIC COATINGS X e
PIGMENTS BASE METAL
CATALYST . ALLOYS
VEHICLE METALLIC COATINGS
SOLVENTS PLUS COATING OR CORE FLUX
ADDITIVES OTHERS
OTHERS

HAZARDOUS MIXTURES OF OTHER LIQUIDS, SOLIDS, OR GASES % | (Grive)
Sulfur Dioxide 93,98
SECTION 11l - PHYSICAL DATA

BOILING POINT (°F) ot 760 mm Hg 14 SPECIFIC GRAVITY (H;0=1) o 140 F. 1.46
VAFOR PRESSURE (i He ut 70 2538 BY VOLUME (%)
VAPOR DENSITY (AIR=1) o4 300 F. 2264 | (o ORATION R

SOLUBILITY IN WATER % b'Y satn. at 689 F. 10.64

APPEARANCE AND ODOR (Coplorless gas and liquid. Sharp, pungent odor.

SECTION IV - FIRE AND EXPLOSION HAZARD DATA

FLASH POINT (Method usad) FLAMMABLE LIMITS Lal ] Usl
Non-flammable

EXTINGUISHING MEDIA

SPECIAL FIRE FIGHTING PROCEDURES

UNUSUAL FIRE AND EXPLOSION HAZARDS

MP-94

PAGE (1) (Continued on reverse side) _ Form OSHA-20
Rev. May 72
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SECTIONV - HEALTH HAZARD DATA

THRESHOLD LIMIT VALUE
5 ppm or 13 mg/m3

EFFECTS OF OVEREXPOSURE

frritation of eye, nose and throat occurs at low levels. Asphyxia results from excessive exposure. Contact with

liquid causes freezing.

EMERGENCY AND FIRST AID PROCEDURES ) ‘ ]
Remove from exposure. Remove clothes if contaminated. Administer oxygen if asphyxiated. Take patient to a

physician or hospital.

SECTION VI - REACTIVITY DATA

STABILITY UNSTABLE : CONDITIONS TO AVOID -

STABLE x

INCOMPATABILITY (Materials to avoid)

HAZARDOUS DECOMPOSITION PRODUCTS

CONDITIONS TC AVOID

HAZARDOUS MAY OCCUR

POLYMERIZATION

WILL NOT OCCUR x

SECTION VII - SPILL OR LEAK PROCEDURES

STEPS TO BE TAKEN IN CASE MATERIAL IS RELEASED OR SPILLED |
Ventilate contaminated areas. Transfer contents of a leaking container to another container, if possible.

mASTE pPISPOSAL METHOD
eutralize with alkali.

SECTION VIII - SPECIAL PROTECTION INFORMATION

RESPIRATORY PROTECTION (Specify type)
Air pack or gas mask (MSA or Wilson type n, red canister)

CERTEILETION LOCAL EXHAUST Seafersiils SPECIAL
MECHANICAL (General) OTHER
Acceptable
PROTECTIVE GLOVES EYE PROTECTION
Rubber Safety goggles or glasses

OTHER PROTECTIVE EQUIPMENT . .
Rubber clothing if liquid spills are possible.

SECTION IX - SPECIAL PRECAUTIONS

PRECAUTIONS TO BE TAKEN IN HANDLING AND STORING

Store in original container, preferably in cool, ventilated, fire resistant building.

OTHER PBECAUTIONS . =
Do not fill pressure containers beyond 87% on a volume basis.

PAGE (2) Form OSHA-20
GPD $X.540 . . Rev. May 72



(SUPPORTING DATA FOR
RESPONSE T0_CQMVENT
NO. 40)

) ' Ansul Sulfodox.

Ansul Sulfodox. Liquid Sulfur Dioxide, is a high purity and versatile
chemical which makes it useful in a wide variety of manufacturing
processes. Sulfur Dioxide is currently being used by industry in
many different ways: as an acidifying, neutralizing and bleaching
agent; as an antioxidant, anti-chior and polymerizing agent; as a
bacteriostatic agent, a chemical intermediate and solvent. It finds
application in a wide variety of industries such as paper, chemicals,
food products, metalworking, and petroleum.

o= The Ansul Company is ready to help you at all times with any prob-

. lems which arise in the appiication, handling or storage of Sulfur
Dioxide. : ;

Suliodox™ and Ansul® are trademarks of The Ansul Company.
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Physical properties

. CAS Registry Number 7446-09-5
| Chemical Formula . S0, >
| Molecular Weight = 64.06
| Specific Gravity
Liquid, 0°C - . 1.434
| Gas, 0°C, 760mm Hg z 2.2636
|
I Boiling Point, °C, 760mm Hg -10.0
| °F. 760mm Hg 14.0
|
| Melting Point, °C, 760mm Hg s oy — 105
' °F, 760mm Hg 2 . —10389
= Surface Tenéion, —25°C, dynes/cm 2 2 = . 32.00
T —10°C, dynes/cm S (2559
i 15°C, dynes/cm > 23.64
30°C, dynes/cm 20.73
50°C, dynes/cm 16.85
Refractive Index
Liquid, n20°/D ’ 1.410
Gas. n15°/D 1.000686

Dielectric Constant

Liquid, 0°C 156
15°C 138
2rC 12.4
Gas, 0°C 1.0095
100°C 1.0053
175°C 1.0039
Diffusion in Hydrogen, 0°C, cm?/sec. 0.48278
Specific Heat
, Liquid, 0°C - 0318
[ 60°C 0.361
100°C 0.418
Gas, 15°C, 760mm 0.152
Viscosity
Liquid, cp, 0°C 0.393
Gas, cp, 0°C 0.116
Latent Heat of Vaporization, B.T.U./Ib., 760mm Hg 1723
Heat of Formation, 25°C, Kcal/mole 70.94
Critical Pressure, p.s.i.a. 11415
Critical Temperature, °C 157.12
Static Head
—17.8°C, (0°F), liquid head, Ibs./sq.in./ft. 0.641
4.44°C, (4CPF), liquid head, Ibs./sq.in./ft. 0.617
26.7°C, (B0°F), liquid head. Ibs./sq.in./ft. 0.590
49.0°C, (120°F), liquid head, Ibs./sq.in./ft.  ~ 0.562
Color, Gas & Liquid Colorless
Odor Sharp, Pungent
Flammability Will not support combustion—Non Flammable

2



(SUPPORTING DATA FUK
SPONSE TO OMMENT
NO. 40)

RE

[T e o A A

3aVHOILNID §33WD30

a\ [ [eN [a\[oa\ [e\ial &) <. o
NG INEN AN T
B NO R N RVER RHAVARARIE ©
INEINC N NNV

30

g,=

s
lﬂ.ﬂl"

25
DEGREES CENTIGRADE

20

15

A

10

/|
B
7
E
E-
Yl
: 1
=
=
=
4
PERCENT SO, CONCENTRATION

8 R 8 3 s 8 & .n. mmm

Total vapor pressure Sulfur Dioxide solutions

Solubility of Sulfur Dioxide in water

O°H SWO 001/SWD NI SYO *0S 40 LHDIIM IONVD HONI 3HVNDS H3d SONNOd




Suifur Dioxi’vapor pressure—temperature

nesoLuTe |

> S

m----nn e Pl 07
ulllunnlnlnllullun
* SRR

- BEREEE LEREEEnEEn R
Iﬂﬂllll a

IR BII

-~ IEREREEN L[] faao

wI.ﬂIHIII IIlﬂﬁlﬂll
EIEmEanEnE

[l S|
IIIIIIIIIII" IIII
. DEHEEEE R EAanE

» BRSNS IR IIIIIII
m...l!ﬂl ZCRETRRDEE
!EHIIDAﬂIIIIlIIIII

-40-30-20-10 0 +10 20 30 40 50 60 70 80 90 100 110120 130 140
DEGREES FAHRENHEIT

POUNDS PER S-QUAHE INCH

=

|
O
T e T T T T T

_.=-==---nE-=-n-a-=m
508 g 5 &

UIQUID: LBS./CU. FT.
2
§
E
i
I!“l
<
2
%
0|
>
“

—40 -20 o +20 40 80 80 100 120 140
DEGREES FAHRENHEIT

Sulfur Dioxide density—Iliquid and saturated vapor

SATURATED VAPOR: LBS./CU. FT.

Sulfur Dioxide Iliquiqheﬁxpfmsion (100‘*‘.60°F)
L i ia . o

PERCENT EXPANSION

I o s e e
1 T 1 S O
BELOEEED I-lu=-llnll

w2l G 3 R KA R SR B S

100 !‘IIIIIII!.‘IIIIIIII

80 100 110 120 130 140 150 180
DEGHEES FAHRENHEIY

(oh "N

CIC0 QL JSNOJSHI
N WM a:[r\(;ﬁgmg}

JING



Specifications

Typical Analysis

. Specifications

Purity . ..o 99.98% min. 99.99%
Moisture _................. 100 ppm max. 30 ppm
Residue (oil, iron, sulfur) ....50 ppm rhax. 40 ppm
Analytical procedures

Moisture

Water in Sulfur Dioxide is determined by a standard Karl Fischer
titration utilizing a 50 ml sample.

Residue

The quantity of residue is measured on a 100 ml sample contained
in a previously tared Erlenmeyer flask. The sample is evaporated
to dryness in an appropriate hood at temperatures not to exceed
110°C and the flask reweighed.

(SUPPORTING DATA FO=
RESPONSE TO OMENT
NO. 40)

Typical Reactions

The following reactions and processes suggest the broad applica-
tion and versatility of Sulfur Dioxide in industry today.

Acid: SO, + H,0 — H,S0,

Hydrosulfites: 250, + Zn— ZnS,0,

Sulfoxylates: 2S0, + 2Zn + 2CH,0 + H,0—

(CH,O-HSO0,),Zn + ZnO

Sulfuryl Chloride: S0, + Cl,— SO,Cl,

Sulfites: SO, + H,0 + 2NH; — (NH,),S0,
S0, + CaCO; + H,0— CaS0O, + CO, + H,O

SO, + Mg(OH), — MgS0, + H,0

Thiosulfates: SO, + S + 2NH, + H,0 — (NH,),S,0,

Sulfones: HC = CH -
SO, + CHz =CHCH=CH,— | |
H,C CH,
N\
SO,
Plastics: '|ICH, CH,
802 + CH;CH = CHz_’ l l
CHCH,SO,CH,CHSO;

Methyl Bromide: Br, + SO, + 2H,0 — 2HBr + H,S0O,

HBr + CH,0H — CH,Br + H,0

Anti-Chilor: SO, + 2H,0 + Cl,— H.S0O, + 2HCI

SO, + Na,0, — Na, S0,
SO, + H,0, — H;S0O,

Antioxidant:

Neutralization: 250, + 2NaOH — 2NaHS0O,

350, + Na,Cr,0,2H,0—
2Cr(OH)S0O, +Na,S0, + H,0

Chrome Tanning:

MP-100



| Typical Uses

.isted below in brief form are a few of the many uses for liquid Sul-
ur Dioxide. The wide variety of applications for Sulfur Dioxide is
shown by the fact that it is used in such diverse manufacturing
processes as leather tanning, metal working, chrome waste treat-
ment, glass treating, photography, varnish, and food processing in
addition to those listed below. Our technical staff can supply further
information concerning your particular need.

Paper

Sulfur Dioxide is widely used in sulfite, Kraft, and semi-chemical
mills for fortifications of sulfite liquors, acid flash bleaching and
neutralization of peroxides. It also is used in the preparation of
sodium sulfite, magnesium and ammonium bisulfites, chiorine
dioxide, zinc and sodium hydrosulfite bleaches.

Food

Food industries such as wet process grain milling, beet sugar pro-
duction, malting process, wine making, cherry brining, and the
manufacture of soy protein utilize the bleaching, bacteriostatic,
fungistatic, and germicidal properties of Sulfur Dioxide.

Metals & Mining

Sulfur Dioxide is used in the production of such metals as magne-
sium and cobalt. It is also used in the extraction, enrichment and
recovery of copper and lead, as well asin ores containing such
metals as uranium, selenium, and tellurium.

Chemicals

The chemicals and pharmaceutical industry uses Sulfur Dioxide as
t general oxidizing, reducing and purifying agent. It is commonly

sed as a reagent, solvent or an extraction media in the plastic,
detergent, petroleum, and petrochemical industries.

\odivuind Livwe Lana TUR
RESPONSE TO OQMMENT
. - " . e m. [40)
Shipping information

Tank Cars

Capacity: 60,000 and 100,000 Ibs.

Tank Trucks

Capacity: 40,000 Ibs., equipped with transfer compressor for
unioading. : .

All shipping containers are fabricated, periodically tested, and
filled in accordance with regulations of the DOT and the Bureau of
Explosives. Sulfodox™ brand liquid Sulfur Dioxide is classed as a
non-flammable gas under pressure.

MP-101
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Builk t”dling and unioading

Tank Cars

1. Descriplion

Single unit tank cars of 60.000 and 100,000 pounds capacity are
available for shipment of bulk quantities. The cars are horizontal
pressure vessels designed for 300 psi operating pressure and are
equipped with a safety relief valve set at 225 psi. The tanks are insu-
laled, and equipped with an exterior steel shell. Insulation serves

to control the temperalture ol lhe conlents and prevent excessive
pressure fluctuations during shipment or storage. The dome of

the 1ank car is equipped with two liquid valves and usually two gas
valves. A few 100,000 pound cars in Sulfur Dioxide service have
only one gas valve. The liquid valves are localed along the longitudi-
nal centerline of the car, and are connecled to liquid drop pipes
which extend into a shallow well in the bottom of the car. The gas
valves are located on either side of the dome and open directly into
the top of the tank. The pressure relief valve is located in the center
of the dome.

The valves are usually 1-inch ball or globe valves, however, a few
100,000 pound cars are equipped with 2-inch globe valves. All
valves are equipped with female N.P.T. threaded ends of the size
indicated.

All valves are fitted with a plug in transit to prevent loss of Sulfur
Dioxide in the event of valve leakage. Whenever the valves are not
connecled to unloading lines, these plugs should be inserted and
tightened in place with proper thread lubricant. The dome cover
should be closed at all times, excepl when piping connections are
being made. Before an emply car is returned, the valves should be
plugged, cover secured, and all D.O.T. regulations pertaining to empty
cars complied with.

2. Unloading

Unloading of a Sulfur Dioxide car is usually accomplished by main-
laining a pressure on the lank car greater than the operaling pres-
sure in the storage tank. This differential causes the liquid lo flow
from the car into the tank. A typical system with a 25-30 psi dif-
ferential will unload tank cars at the rate of approximalely 20,000
pounds per hour.

Unloading by compressor—The preferred method of unioading
utilizes a gas compressor. A properly installed system will work
simply and efficiently and has the added economy of vapor recov-
ery. The liquid lines of the car and storage tank are connected
together. The gas line of the car is connected lo the compressor
discharge, and the gas line of the storage lank is connected lo the
compressor suction. The compressor will maintain a differential
between the vessels lo accomplish the transfer. Once the car is
empty of liquid, vapor is recovered by connecting the suction side
of the compressor 1o the car and the discharge side 10 the tank.
Figure 1 illustrates a typical arrangement for unloading tank cars
by compressor.

Unloading by compressed air—In this method, clean dry air pres-
sura is applied lo the tank and the liquid is lorced out. A 25-30 psi
differential should be maintained. A pressure greater than 125 psi
should never be applied to the car. I sufficient differential cannot be
obtained, it may be required to occasionally vent down the storage
tank. This usually becomes necessary because non-condensible
gases are introduced into the tank.

Figure 1
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Bulk handling and loading (continued)

Unloading by pump —The liquid can also be transferred from the
car by use of a turbine pump equipped with a mechanical seal
designed for Sultur Dioxide service. A turbine pump is recom-
mended because of its low NPSH requirements and fairly high head
characteristics. When unloading, the liquid line on the car is opened
first to prime the pump, and then the liquid valve on the tank is

.opened. The gas phase lines between the storage tank and the car

are connected directly to equalize pressure. This unloading method
is very satisfactory and rarely requires venting, although dry com-
pressed air is usually used to flush out liquid lines. There is, of
course, no provision for vapor recovery. s

3. Determining When The Car Is Empty

During the unloading procedure, the quantity in the storage tank
should be checked periodically to verify that the transfer is pro-
ceeding normally. Calculate the storage tank level at which the car
is empty and check the car shortly before this point is reached. A
sight glass placed in the liquid unioading line will indicate whether
or not liquid is flowing. .

Tank Trucks

1. Description

Bulk shipments by single unit tank trucks of 40,000 pounds capacity
are also available to supply bulk users. These tanks are designed
for a 150 psi working pressure and they are fitted with a safety relief
valve set at 138 psi. Each trailer is equipped with a gasoline pow-
ered compressor and transfer hoses that are used during unloading
the truck. The driver is trained and experienced in handling Sulfur
Dioxide and will perform the unloading task independentty. How-
ever, a qualified person from the customer's staff should be there to
assist in making connections to the proper lines and locating valves
and piping.

2. Unloading

The unloading procedure for tank trucks is basically the same as for
tank cars, and the instructions outlined above should be followed. If
it is desired to use the truck compressor, all that is required are gas
and liquid lines from the storage tank to the truck unloading area.
The liquid line should have a valve and a 1%z inch male N.PT. end
connection and the gas line should have a pressure gauge, valve,
and one inch male N.P.T. end connection. The end connections
should be rigidly supported and located about 36 inches from the
ground, pointing downward. They should be close enough to where
the truck will be parked to be reached by hoses that are 15 feet long.
The liquid line from the unloading point to the storage tank should
be 1%z inch in size and the vapor line should be 1-inch.

10
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STORAGE AND HANDLING EQUIPMENT

The selection of equipment for the bulk storage and general han-
dling of Sulfur Dioxide is quite straight forward. Relatively common
materials of constructions are used, with the general precautions
that all equipment have a working pressure of 150 psig, and have a
minimum of potential leak sources. The following recommendations
are offered as a general guide.

1. Storage Tanks

A storage tank should be constructed of A.S.M.E. SA 285 Grade C
steel, electrically fusion welded throughout, and conforming to

A S.M.E. specifications for a working pressure of 150 psi. Inspec-
tion and hydrostatic testing are required. The capacity should be at
least one and one-half times the maximum shipment size so that
scheduling of shipments can be fairly flexible.

2. Piping

Schedule 80 carbon steel or wrought iron piping of welded con-
struction is recommended. One inch piping is used throughout,
except for liquid loading lines which are 1%z inch in size. Flanged
connections are preferred, and gasket material should be either ¥s
inch blue asbestos, Teflon*, or chemical lead. Where threaded
joints are required, a nonhardening, insoluble luting material
such as John Crane Plastic Lead Seal No. 2 should be used and
connections pulled tight as for steam service. After assembly,

all piping should be hammered to loosen scale, and blown out
with air to remove foreign matter.

Whenever there is the possibility of closing two valves in a liquid
Sultur Dioxide line, pressure relief must be provided in that section
of line to avoid dangerous hydrostatic pressure which will be
caused by temperature increases. Pressure buildup is prevented by
installation of 150 psi pressure relief devices or by vertical expan-
sion chambers located at the high point of each line. The capacity
of each chamber should be approximately 20% of the isolated sec-
tion of line.

3. Valves

Ball or piug valves with Teflon seats and seals are recommended
for Sultur Dioxide service. Carbon steel, ductile iron or brass con-
struction are used. Valves equipped with type 316 stainless steel
internals or of all stainless steel construction are used where serv-
ice is critical and a safety factor is desired. Several manufacturers
produce a ball valve with separable socket or butt weld ends which
can be permanently installed, but yet allow complete access to the
internals. Such valves give excellent service at low cost, and are
easy to maintain. Where check valves are required, the spring
loaded type with stainless steel internals are preferred.

4. Flexibie Piping

Where flexible lines are required, such as the unloading facilities,
either corrugated metal hose or a special rubber hose may be used.
The melal hose should be of corrugated 316 stainless steel tubing
with a braided metal overlay and end connections welded on. Rub-
ber hose such as Gates Type 205 MB saturated steam hose may
be used. This has a wire braided reinforcement, an ethylene-
propylene rubber liner, and a Hypalon** exterior coating.

* Teflon 1s a registered trademark of E.I. duPont de Nemours & Co.. Inc
" *Hypalon s a registered trademark of E.l. duPont de Nemours & Co.. Inc.
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.. Miscellaneous

Compressors, vaporizers, pumps, air dryers, gauging devices, gas
masks, and other specialized equipment should be specified for a
particular application.

The preceding information applies to dry Sulfur Dioxide at normal
temperatures. Where wet Sulfur Dioxide (greater than 1000 ppm
water) or high temperatures are encountered, special materials of
construction are required. Type 316 stainless steel is used most fre-
quently, but Haveg, chemical lead, Alloy No. 20 stainless steel, or
Alloy CD4M may also be used.

Information concerning materials of this nature is available by
contacting the Ansul Specialty Chemical Technical Service
Representative.

in many applications, the flow of Sulfur Dioxide is regulated by a
control valve which acts upon the desired response of the Sulfur
Dioxide input. Instruments that measure the control pH, oxidation-
reduction potential, concentration, turbidity and other variables
have proved successful in controlling the flow of Sulfur Dioxide to
a process.

PRECAUTIONS IN HANDLING SULFUR DIOXIDE

Handling of Leaking Containers

Serious leaks in shipping containers seldom occur except through
accident or careless handling. Leakage around a valve stem can
usually be stopped by careful tightening of the packing compressor.
Leakage through the valve caused by failure of the valve to seat
.roperly may be stopped by capping or plugging the valve. Leaks

'om a broken or cracked valve or hole in the container itself are
considered serious and should be treated with quick but cautious
action.

In the event of a serious leak, gas masks approved by the U.S.
Bureau of Mines for Sulfur Dioxide should be worn. This includes
MSA or Willson Type N (red canister) gas masks. If possible, the
leaking container should be connected to the storage tank, process,
or another container and the material quickly transferred out. This
will result in the minimum loss or disposal problem. If transfer is not
possible, the container should be taken to as remote and down-
wind an area as is available. If possible, the container should be
placed so that the leak is at the upper portion. This will release gas
phase rather than liquid and will cool the vessel, thereby lowering
pressure. |f possible, the leaking stream should be released into a
corrosion resistant water tank or barrel filled with lime, caustic soda
or soda ash solution. This will minimize the quantity released to the
air.

Contact The Ansul Company if any serious leaks are encountered,
and attach a labeled tag to the particular item that has failed. This
will simplify repairs and retesting of the container. )

Filling Volume

Due to the danger of hydrostatic pressure created by liquid expan-
sion, care should be taken never to overfill containers. The maxi-
mum amount of liquid Sulfur Dioxide allowable in a containeris
fixed by the Department of Transportation at 1.25 times the water
capacity in pounds. This means that a container or storage tank
should not be filled beyond about 87 % of the volumetric capacity.

MP-104
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Toxicity

Sulfur Dioxide is an irritant gas and because of this property, minute
leaks of Sulfur Dioxide are readily detectable. The gas acts asits
own warning agent and is usually detected by taste rather than
smell at levels of 0.3 to 1 ppm. The odor of Sulfur Dioxide is very
apparent at 3 to 5 ppm. Irritation of the nose and throat is noticeable
at 6 to 12 ppm with coughing and eye irritation occuring at 20 ppm.
At 10,000 ppm (1.0%) Sulfur Dioxide is an irritant to moist areas of
skin within a few minutes of exposure.'-?

At the time of this writing, the acceptable permissible limit for pro-
longed exposure is 5 ppm? It has been announced that this level will
be lowered to 2 ppm in the near future. As stated above, the irritat-
ing effects at either of these concentrations may not be sufficient to
cause significant discomfort. A level of 50 to 100 ppm is considered
the maximum permissible concentration tolerable for short periods
of exposure, that is, 30 to 60 minutes. Levels exceeding 400-500
ppm are dangerous and within the asphyxiation zone for even short
penods of time. Because of its irritating properties, however, per-
sonnel are not likely to voluntarily or unknowingly enter concen-
trations high enough to be of immediate harm. -

Exposure to Sulfur Dioxide chiefly affects the upper respiratory and
the bronchi, but it may cause edema of the lungs or glottis. In some
cases it may produce respiratory paralysis.

Careful examinations of workers exposed daily to allowable con-
centrations of Sulfur Dioxide for prolonged periods of time showed
no harmful chronic effects. -* An exposure to variable concen-
trations of Sulfur Dioxide ranging from 30 ppm with occasional
peaks up to 100 ppm is reported to have produced significantly
higher than normal incidence of nasopharyngitis (an alteration of
the senses of smell and taste), high urinary acidity and increased
fatigue.®

Some individuals exhibit a sensitivity or allergy in the presence of
sulfur or its compounds. This usually manifests itself as asthma,
gastrointestinal upset or skin rash. Persons who demonstrate these
characteristic symptoms should not be allowed in areas where SO,
fumes are present.

'Frank A. Patty. Ed., “Industnal Hygiene and Toxicology.” 2nd ed. Vol. Ii. Interscience
Publishers. 1963. pp 892-5.

N Irving Sax, “Dangerous Properties of Industrial Matenials.” 5th ed.. Van Nostrand
Renhold Co.. 1579. pp 1001-2.

3NIOSH. “1278 Reqistry of Toxic Effects of Chermical Substances,” 1979, p. 1187.

“T H Durrans. Briust Medical Journal 1948, 1039.

* "Handbook of Labor Statistics.” p. 351. 1936

*R A.Kehoe. W F Machle. K. Kitzmiiier, and T. J. LeBlanc,

J.Ind. Hyg. 14,159 (1932) 11



First Aid’

.oth the gas and the liquid phases of Sulfur Dioxide must be con-
sidered in the treatment of the possible harmful physiological effects
of this chemical. As a gas, it diffuses through the air and can be
inhaled into the lungs of persons in the area of its release. Inthe
liquid phase, persons accidently sprayed may be subject to a freez-
“ing action due to the absorption of heat from the affected area when
the liquid rapidly changes to a gas, its physical state under normal
ambient conditions. - ~ =~

" First aid should be initiated at once in case of contact with liquid
Sulfur Dioxide or inhalation of excessive concentrations of the gas.

Contact of Liquid Sulfur Dioxide with Skin and Mucous
Membranes ' -

The exposed person should immediately use the emergency
shower and remove all clothing and shoes wet with Sulfur Dioxide.
Care should be taken not to tear the skin in the affected area. Skin
areas are to be washed carefully with large quantities of soap and
water. No salves or cintments shouid be applied to chemical burns
for 24 hours. Clothing and shoes that have been wet with Sulfur
Dioxide should not be worn until they have been thoroughly
washed. A physician should be consulted in all cases.

Contact with Eyes

If liquid has entered the eyes, they should be washed promptly with
copious quantities of water for at least 15 minutes. Chemical neu-
tralizers are not recommended. It is advisable to irrigate the eyes
gently with water at room temperature in order to minimize pain and
discomfort. Refer the individual at once to a physician, preferably

tn eye specialist.

aken Internally
A physician should be called immediately. Induce vomiting by giv-
ing large quantities of warm salt solution ( 2 tablespoonsfug of table

salt to each pint of water)nor warm soap water. The patient should
be kept comfortable and warm.

Inhalation

" A worker who has been overcome with Sulfur Dioxide gas must be
removed from the contaminated atmosphere at once and artificial
respiration initiated immediately if breathing has ceased. A physi-
cian should be called at once. If oxygen apparatus is available,
oxygen should be administered, but only by trained personnel.
Oxygen inhalation must be continued as long as necessary to
maintain the normal color of the skin and mucous membranes.

While pulmonary edema (severe lung congestion) is a rare occur-
rence following exposure to Sulfur Dioxide, in order to prevent its
development, 100 per cent oxygen should be administered as soon
as possible after a severe exposure. In such cases the patient
should breathe 100 per cent oxygen under positive exhalation pres-
sures for one-half hour periods every hour for atleast three hours. If
there are no signs of lung congestion at the end of this period, and if
breathing is easy and the color is good, oxygen inhalation may be
discontinued. Throughout this time, the patient should be kept
comfortably warm, but not hot. Stimulants will rarely be necessary
where adequate oxygenation is maintained. Any drugs for shock
treatment should be given only by the attending physician.

7 Chemical Manufaciurers Association. Safety Data Sheet SD-52. p. 14
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Product Safety Information

SULFUR DIOXIDE

(Sulfurous Acid Anhydride)

This Product Safety Information Sheet is principally
directed to managerial, safety, hygiene and medical per-
sonnel. The description of physical, chemical and toxi-
cological properties and handling advice is based on
experimental results and past experience. it is intended
as a starting point for the development of safety and health
procedures.

I. PHYSICAL AND CHEMICAL PROPERTIES
Formula: SO, '
Formula Weight: 64.07
Physical State: Coloriess, compressed liquefied gas
(20° C/68° F-14.7 psia)
Odor: Suffocating, pungent
Specitic Gravity: 1.36 at 25° C/77° F (water = 1.0)
Vapor Density: 2.26 (air = 1.0)
Boiling Point: —10°C/14°F
Melting Point: —75.5° C/—104°F
Vapor Pressure: 22.7 mmHg at 0°C/32°F
49.6 mmHg at 21.1°C/70°F
84.5 mmHg at 37.7° C/100° F
Water Solubility of Gas: 11g/100g H,O @ 20° C/68°F

il. CHEMICAL REACTIVITY

Sultur dioxide is an acidic gasand is reactive. Inits liquid
state it will react violently with alkaliesand actas an acid.
In the presence of chliorates it reacts to form unstable
chlorine dioxide.

ill. STABILITY
Sulfur dioxide is stable at ambient temperatures and
atmospheric pressures.

IV. FIRE HAZARD
Sulfur dioxide is not consndered flammable nor will it
support combustion.

V. FIREFIGHTING TECHNIQUE

As in any fire, prevent human exposure to fire, smoke,
fumes, or products of combustion. Evacuate nonessen-
tial personnel from the fire area.

Because of a possible release of sulfur dioxide gas in
fires involving this material, firefighters shouid wear full-
face, self{-contained breathing apparatus and impervious
clothing such as gloves, hoods, suits and rubber boots.

Use standard fire-fighting techniques in extinguishing
fires involving this product— use water spray or fog, dry
chemical, foam, carbon dioxide or other suitable suffo-
cation agents. Keep containers cool with a water spray to
prevent relief valves from popping, thereby releasing
sulfur dioxide gas.

VI. TOXICOLOGY
WARNING: Extremely irritating. Gas and liquid under
pressure. Liquid causes burns.

Ingestion

Ingestion of liquid sulfur dioxide will resultin burns of the
mouth and gastrointestinal tract due to the freezing etffect
of the liquid.

Skin Contact
Contact of sulfur dioxide with the skin will resultin burns.

Eye Contact
Contact of sulfur dioxide with the eyes will resultin burns.
Sulfur dioxide gas is intensely irritating to the eyes.

inhalation

Inhalation of sulfur dioxide gas will result in irritation of
the eyes, throatand upperrespiratory system. Inhalation
exposures to concentrations of 8-12 ppm sulfur dioxide
gas causes throatirritation, coughing, constriction of the
chest, tearing and irritation of the eyes. Inhalation expo-
sures to concentrations of 150 ppm sulfur dioxide gas is
so irritating that it can be endured for only a few minutes.
Inhalation exposures to concentrations of 500 ppm sul-
fur dioxide gas is so intensely irritating that it causes a
sense of suffocation.

A single exposure of guinea pigs to 0.16-835 ppm for
one-hour resulted in a dose-related increase in pulmo-
nary flow-resistance.

Repeated exposures of guinea pigs to 0.1, 1.0 or 5.0
ppm for 7 days/week, 22 hours/day for 12 months did not
produce signs of toxicity.

Repeated exposures ot Cynamolagus monkeysto0.1-5.0
ppm for 7 days/week, 24 hours/day for 18 months did not
produce signs of toxicity.

Repeated exposures of rats to 500 ppm for 5 days/week,
5 minutes/day for 300 days did not produce an increased
incidence of tumors.

J

In case of suspected exposure, refer to the procedure and emergency contacts in Section VII— FIRST
AID.

In case of spillage, refer to the procedure and emergency contacts in Section IX—SPILL HANDLING.

In case of animal poisoning, cali a veterinarian, or call coliect, day or night, (203) 226-6602 (Stauffer
Chemical Company) or {800) 424-9300 (Chemtrec).

In case of contamination of other materials with this product, call (800) 424-9300 (Chemtrec).

Y
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. Threshold Limit Value (TLV)

The American Conference of Governmental Industrial
Hygienists has assigned a TLV of 5 ppm (13 mg/m3) by
volume in airasthe maximum aliowable concentration of
sulfur dioxide vapor Yor exposures not exceeding a total
of 8 hours daily.

For Stauffer Reference Only:

Gig. Sanit. 24: 22- 26 (1959)

Arch. Env. Health 21: 769-777 (1970)

Arch. Env. Health 24. 115-128 (1972)

Brit. J. Cancer 21: 608-618 (1967)

VIl. FIRST AID

CALL A PHYSICIAN IMMEDIATELY

If a known exposure occurs or if poisoning is suspected,
do not wait for symptoms to develop. Immediately initiate
the recommended procedures below. Simultaneously
contact a physician, or the nearest hospital, or the
nearest Poison Control Center. Inform the person con-
tacted of the type and extent of exposure, describe the
victim's symptoms, and follow the advice given. Foraddi-
tional information, call collect, day or night, Stauffer
Chemical Company (203) 226-6602 or Chemtrec (800)
424-9300.

Ingestion

Do NOT induce vomiting. immediately give large quanti-
ties of water. If vomiting does occur, give fluids again.
Never give anything by mouth toan unconscious person.
Call a physician or the nearest Poison Control Center
immediately.

Skin Contact

Immediately remove contaminated clothing wiping away
excess material from the skin. Under a safety shower,
flush all affected areas with large amounts of water for at
least 15 minutes. Do not attempt to neutralize with chem-
ical agents. Obtain medical advice immediately.

Eye Contact

Immediately tiush the eyes with large quantities of run-
ning water for a minimum of 15 minutes. Hold the eyelids
apart during the flushing to ensure rinsing of the entire
surface of the eye and lids with water. Do not attempt to
neutralize with chemical agents. Obtain medical attention
as soon as possible. Oils or ointments should not be used.
Continue the flushing for an additional 15 minutes if the
physician is not immediately available.

Inhalation

Remove from contaminated atmosphere. If breathing has
ceased, clear the victim's airway and start mouth-to-
mouth artificial respiration, which may be supplemented
by the use of a bag-mask respirator, ora manually-triggered,
oxygen-supply capable of delivering one liter/second or
more. If the victim is breathing, oxygen may be delivered
from a demand-type or continuous-flow inhalator, pref-
erably with a physician’s advice.

VIIl. INDUSTRIAL HYGIENE

Ingestion

All food should be keptin a separate area away from the
working location. Eating, drinking and smoking should
be prohibited in areas where there is a potential for

(SUPPORTING DATA FUR
RESPONSE TO OOMMENT

NO. 40)

significant exposure to this material. Before eating, hands
and face should be thoroughly washed.

Skin Contact

Skin contact should be prevented through the use of
impervious clothing, gloves and footwear. A face shield
should be used where use conditions could result in
exposure to this material.

Eye Contact
Eye contact should be prevented through the use of
chemical safety goggles.

Inhalation

This material should only be handied in well-ventilated
or open areas. Where adequate ventilation is not avail-
able and there is a possibility of gas or liquid release,
control of low-level inhalation exposures can be achieved
through the use of a NIOSH-approved, full-face-piece,
acid-gas cartridge, air-purifying respirator.

IX. SPILL HANDLING

Make sure all personnel involved in the spill cleanup
are aware of the hazards associated with sulfur dioxide
and follow good industrial hygiene practices (refer to
Section VII1). Only trained personnel equipped with gas
masks and/or self-contained breathing apparatus should
attempt repairs on leaking sulfur dioxide equipment. Pro-
tective clothing should be worn to prevent skin and eye
contact.

Occasionally containers may develop leaks. In such
cases, immediate steps should be taken to overcome the
trouble as sulfur dioxide leaks become progressively
worse if not corrected promptly.

Small leaks may be readily located by spraying the
potential leak areas with ammonia hydroxide solution. A
dense white fume will form if sulfur dioxide is present.
— Never apply water to a sulfur dioxide leak. The applica-
tion of water makes sulfur dioxide much more corrosive.
—If a leak develops in a container within a congested
area, every effort should be made to transfer the leaking
container to a place where fewer people will be exposed.
— A leaking sulfur dioxide container should be so shifted
that gaseous rather than liquid sulfur dioxide will escape.
— A small liquified sulfur dioxide spill or leak can be
handled routinely by passing sulfur dioxide through an
alkaline neutralizing solution. One pound of sulfur di-
oxide is equivalent to about two pounds of lime or one
and one-half pounds of caustic soda.

— Flush small spills with copious amounts of water and
neutralize with alkali.

Large spills should be handled according to a predeter-
mined plan. For assistance in developing a plan, con-
tact the Technical Service Department, Industrial Chem-
ical Division, Stauffer Chemical Company, Westport, CT
06880.

IN CASE OF EMERGENCY, CALL, DAY OR NIGHT
(800) 424-9300 (CHEMTREC)

X. CORROSIVITY TO MATERIALS OF
CONSTRUCTION

Dry sulfur dioxide is not corrosive to ordinary metals. Itis
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usually shipped in steel containers. Valves and fittings of
brass or stainless steel are employed. Safety valves are
fitted with lead gaskets.

Sulfur dioxide, contaminated with water, will rapidly
corrode steel.

Xl. STORAGE REQUIREMENTS
The following safety facilities should be readily acces-
sible in all areas where sulfur dioxide is handled or stored:
Safety Showers —with quick opening valves which stay
open. Water should be supplied through insulated
lines to prevent freeze-ups in cold weather.
Eye Wash Fountains — or other means of washing the
eyes with a gentle flow of tap water.

Sulfur dioxide should be stored in properly designed
pressure vessels. Bulk quantities may be stored in out-
door storage tanks equipped properly for this service.
Contact the Technical Service Department, Industrial
Chemical Division, Stauffer Chemical Company, West-
port, CT 06880 for details.

Xil. DISPOSAL OF UNUSED MATERIAL

For assistance in disposing of unused material, contact
the Technical Service Department, Industrial Chemical
Division, Stautfer Chemical Company, Westport, CT 06880.

Xill. REFERENCES

Sulfur Dioxide. Stauffer Chemical Company.
Sulfur Dioxide, a Novel Reaction Medium. Stauffer
Chemical Company.

Sulfur Dioxide. Compressed Gas Association, Inc.,
Pamphlet G-3 (1972).
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)
K Chemical Safety Data Sheet g
-
Q
UNITED STATES z
DEPARTMENT OF THE INTERIOR g
BUREAU OF MINES
WASHINGTON, D.C. 20240
METAL AND NONMETAL MINE HEALTH AND SAFETY
MATERIAL
CHEMICAL NAME FORMULA CHEMICAL FAMILY |
SULFURIC ACID HoS50Y Inorganic chemical
TRADE NAME 37 of vitriol.
PHYSICAL DATA
MELTING POINT (°F) R THRESHOLD LIMIT VALUE 1mg/m3
"BOILING POINT (°F) e VAPOR DENSITY (AIR=1) ———
SPECIFIC GRAVITY (H,0=1) £ oy 100%=1.8392 VAPOR PRESSURE (mm Hg) .
SOLUBILITY IN WATER MOLECULAR WEIGHT
"APPEARANCE AND ODOR  (Clear colorless liquid, with sharp odor.
FIRE AND EXPLOSION HAZARD DATA
FLAMMABLE LIMITS Lel ___ |Ue ___

FLASH POINT (Mcthod used) .o

EXTINGUISHING MED.lA Dry chemica.l, 002’ ng spray.

PE N DURE
SPECIAL FIRE FIGHTING PROCEDURES 1 1t g3170w water to enter storage tanks,

hydrogen gas can accumulate and care must be taken so as not to ignite.

UNUSUAL FIRE AND EXPLOSION HAZARDS  p..:4q dilution with water and contact with

combustible liquids and solids.

Hydrogen will be generated with potential

explosion.

HEALTH HAZARD DATA

EFFECTS OF OVEREXPOSURE 0 4 corrosive, oxidizing and sulfonating properties

rapid destruction of tissue will occur.

EMERGENCY AND FIRST AID PROCEDURES Ob%ain medical help at once!

Ingestion: Induce vomiting until vomitus is clear.

Eye contact: Wash with water for at leest 15 minutes.

Skin contact: Flush with water and remove clothing.

Inhalation: Remove from area and give artificial respiration.

MP-109
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(SUE PORTING DATA FOR
RESPONSE TO CCMMENT

NO. 40)
HZS ()q C@V\‘} . REACTIVITY DATA
STABLE . X contact with organic materials.

. " : :
INCOMPATABILITY (Material to awoid). 41 oapic materials and nitrates , carbides, chlorate
HAZARDOUS DECOMPOSITION PRODUCTS

Hydrogen, SO, and heat
COXDITIONS TO AVOID

HAZARDOUS MAY OCCUR
POLYMERIZATION

WILL NOT OCCUR X

Extremely corrosive and if water is added an exothermic reaction will result,
Keep away from organic or oxidizing materials.

SPILL OR LEAK PROCEDURES

STEPS TQ BE TAKEN IN CASE MATERIAL IS RELEASED OR SPILLED ‘
Zone off the area. Flush the area with copious amounts of water and soda ash

or lime, spread around to neutralize any remaining acid.

WASTE DISPOSAL METHOD . . .
STE DIS Neutralize with lime or soda ash. Must be done in an open

area as CO, is released. Effulent holding basin may be required to settle

out suspended calcium sulfate.

SPECIAL PROTECTION INFORMATION

RESPIRATORY PROTECTION _ .
Self contained breathing apparatus or fresh air masks

MECHANICAL (General) OTHER

PROTECTIVE GLOVES

Rubber gloves EYE PROTECTION Chemical safety goggles

OTHER PROTECTIVE EQUIPMENT
T Q Rubber safety shoes

SPECIAL PRECAUTIONS

PRECAUTIONS TO BE TAKEN IN HANDLING AND STORING
Store in an area where spills or leaks can be contained and correctly

disposed of,

OTHER PRECAUTIONS Consult the manufacturer for safety procedures in handling

~the acid.

o2
A §

* U. 8. GOVERNMENT PRINTDNG OFFICE : 1972 O - ¢63- 363




: RESPONSE TO OMENT

NO. 40)
L “-i_’-—‘
® MATERIAL SAFETY DATA SHEET
| “ESSENTIALLY SIMILAR” TO FORM OSHA-20 )
n.x ¥
~ SECTION |
UNUFACTURER'S NAME Eagle-Picher Industries, Inc.|Teitrionino. 417 - 623-8000
.DDoREsSS P. O. Box' 550 ~ . Joplin, Missouri 64802
eenonvms - zinc sulfate monchydrate a synonvms industrial grade zinc sulfat
CHEMICAL FAMILY 400t galt 'roauuu 2SO ,4¢ HaC
. SECTION Il e HAZARDOUS INGREDIENTS OF MIXTURES
RINCIPAL HAZARDOUS COMPONENT (S) % ' TLV (Unig)
does not apply l
% " SECTION lil e PHYSICAL DATA
OILING POINT (°F) ' decomposes SPECIFIC GRAVITY {H,0=1) | 3.28 at 15°C
APOR PRESSURE (mmHg  nOt pertindnt PERCENT VOLATILE BY VOLUME (%) —
f‘_ ENSITY (AIR = 1) N/A | EMAPORATION RATE -
:&, IN WATER ( -159.1 mloo m1.215°c - molecular weight 179.46
;»znmce & o00R  white free flowing powder, no distinctive odor
\ SECTION IV ¢ FIRE AND EXPLOSION HAZARD DATA
w ! FLAMMABLE LIMITS LEL UEL .
_LASH POINT (METHOD USED! not flammable N/A TCNTTION TEMPERATURE

IXTINGUISHING MEDIA yug X uishi age ri i

PECIAL FIRE FIGHTING PROCEDURES
| not pertinent

INUSUAL FIRE & EXPLOSION HAZAnDS
| none known to Eagle-Picher

SECTION V « HEALTH HAZARD DATA

HRESHOLD LIMIT VALUE TLVTWAI ot listed (ACGIH)
FFECTS OF OVEREXPOSURE :
R

: skin and eye irritation may result from contact. Inhalation of dust

may cause irritation of nasal mucous membranes.

-
. |

gugdéucv & FIRST AID PROCEDURES

MP-111

eye and skin contact: flush affected areas with copious quantities of
plain water. Ingestion of large amounts of this product: induce vomiting,

followed by prompt and complete gastric lavage, cathartics and demulcents.
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e SECTION VI « REACTIVITY DATA .
i
) Unsteble Conditions 10 Avoid
ST..'TY Stable X store dry

INCOMPATIBILITY (Maerialstovoid) oxidjzing materjals can cause a reaction

 HAZARDOUS DECOMPOSITION PRODUCTS decomposes to oxides of zinc and sulfur

‘ Al

' HAZARDOUS May Occur Conditions to Avod

! °0LY- ]

} MERIZATION Will not Occu ¥ nat BPP] icahle -
[

SECTION VII « SPILL OR LEAD PROCEDURES

i STEPS TO BE TAKEN IN CASE MATERIAL 1S RELEASED OR SPILLED
- collect and contain for salvage or disposal, dry sweeping can be used

| NASTE DISPOSAL. METHOD
|

landfill: observe all federal, state and local laws concerning health
and environment : -

-

| SECTION Viil « SPECIAL PROTECTION INFORMATION

4"~ RATORY PROTECTION tspecity Typety NIOSH = approved respirator for dust should be worn if
i :‘. Treeded

Local Exhaust recommended Soecial
ENTILATION none known

Mechanics! (General) recommended Other

EYE PROTECTION safety glasses or dust
goggles recommended

ROTECTIVE GLOVES
should be worn

JTHER PROTECTIVE EQUIPMENT
eye bath

SECTION IX « SPECIAL PRECAUTIONS

IECAUTIONS TO BE TAKEN IN HANDLING & STORING ————= keep dry----
Avoid contact with eyes, skin and clothing
Avoid breathing dust
Maintain good housekeeping practices

%”‘ER PRECAUTIONS product residue may remain in or on empty bag. All precautions
R ihandling the product must be used in handling the empty bag.

information contained herein is furnished without warranty of any kind. Employers should use this information only as a supple-
1 1o other information gathered by them and must make independent determinations of suitability and completeness of information
1all sources to assure proper use of these materials and the safety and health of employees

MP-112
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Since 1977 Exxon has completed a number of studies concerning the proposed
mining of the Crandon ore deposit. The results of these studies have
indicated that the ore lying below the 140 m (459 feet) level can be mined
using sublevel blasthole stoping with delayed fill. The ore above the 140 m
(459 feet) level was recognized as non-typical and has not been included in
previous studies for the following reasons:

1. The ore has been affected by supergene weathering which has resulted in
zones of mineral leaching, mineral enrichment, and a reduction in rock
mass strength.

2. The overlying overburden is water bearing and cannot be disturbed
through mining.

3. The area was not considered to be suitable for mining by sublevel
blasthole stoping with delayed fill.

In 1982, a study was conducted concerning the technical and economical
feasibility of mining the crown pillar area ores (above the 140 m [459
feet] level).

For the purpose of this study, the crown pillar was defined as that ore
above the 140 m (459 feet) level which requires mining by some method other
than the normal sublevel blasthole stoping with delayed fill.

In this study, the following work was completed:

e Determined the shape and extent of the crown pillar area ore.

® Selected suitable mining methods.

e Designed a primary access development scheme.

° Calculated the cost of mining using the methods selected.

e Determined the ore reserves and economic limits of crown pillar mining.
The results of these studies will be summarized briefly.

An ore reserve estimate completed in this study indicated that the Crandon
deposit contains approximately 14 Mt (15.3 million short tons) of "in-place”
ore above the 140 m (459 feet) level. Of this, 10 Mt (11 million short
tons) (72 percent) is considered potentially mineable using the methods
examined. The total tonnage to be mined using specialized crown pillar area
methods is 7.2 Mt (7.9 million short tons) (72 percent) with the remainder
2.8 Mt (3 million short tons) (28 percent) mined by normal sublevel
blasthole open stoping with delayed fill. Approximately 4 MT (4.4 million
short tons) (28 percent) of in-place ore are not considered mineable because
of leaching, poor ground conditions, and requirements for a permanently
stable remnant crown pillar.

The ore above the 140 m (459 feet) level will be mined from four main levels
- 140 m (459 feet) level, 95 m (312 feet) level, and intermediate and top
mining levels of varying elevation. Initial access will be from the main

MP-113



shaft and mobile equipment ramp on the 140 m (459 feet) level. This initial
access is located on the hanging wall side of the ore body. Because of
possible poor ground conditions caused by weathering, all of the development

. associated with crown pillar mining above the 140 m (459 feet) level will be
located in the footwall.

The base of the remnant crown pillar has been designated the top mining or
stability line. The position of this limit, in relation to the subcrop,
varies from one stope block to another. On the average, the permanent crown
pillar has a thickness of about 20 m (66 feet). It is considered that this
thickness will be adequate to provide support and stability to the subcrop
bedrock, and preclude the possibility of surface subsidence.

The crown pillar area mining methods proposed require the use of backfill in
order to ensure long-term stability. The crown pillar area mining is
expected to occur during the last one-half of the mine life.

Mining methods above the 140 m (459 feet) level include:

1. Post pillar cut and fill (PPCF) in the upper sections of the crown
pillar just below the top mining level, where the rock is the least

stable.

2. Vertical crater retreat (VCR) stoping in more stable rock, below PPCF

3. Blasthole stoping with delayed fill in the most stable areas, generally
below the 95 m (312 feet) level and in stringer ore zones.

These methods will be modified to meet the actual ground conditions encoun-
tered as more technical information on rock mass properties has been
gathered through diamond drilling, in-situ stress determinations, and other
rock mechanics investigations.

Comment No. 43 (Comment 174):

It is necessary to address the potential for surface water contamination
resulting from the failure of mine/mill site erosion control structures and
how such contamination would be prevented.

Response:

The permanent mine/mill site erosion control structures are shown on the
attached Figures 1, 2 and 3. These structures consist of drainage ditches
and swales, culverts, sedimentation basins, and attendant drainage basin
inlet and outlet structures.

Figure 1 contains a table of estimated flow rates for all culverts based
upon the peak estimated surface drainage from the 10 year storm. This table
demonstrates the adequacy of the sizing of these structures, the maximum
predicted flow rate being approximately 6.7 cfs (3,000 gallons per minute)
through the 800 mm (31 inch) culvert which conducts the surface drainage
water to drainage basin No. 2.

MP-114
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The design of the surface drainage basins themselves will be finalized
following more detailed site soil studies work to be conducted at the time
of final engineering. The width of the containment berms and the side
slopes of such berms will then be determined. These designs will be
conservative in nature.

The capacity of the currently proposed drainage basins are based upon the 25
year, 24 hour storm. A freeboard of 1.0 m (3.3 feet) has also been included
or approximately one—quarter the volume of the basin. With a maximum depth
of only 5.5 m (18 feet) (drainage basin No. 1) the hydraulic heads which
might be generated on these structures are extremely modest.

Failure of any of the surface drainage structures as presently contemplated
could only be the result of extraordinary circumstances impossible to
predict.

Comment No. 44 (Comment 177):

This response indicates that Exxon will report any incidents which are
required to be reported to the Department under various regulatory
requirements. In addition to what is required under the codes, the
Department will require that a record of all incidents reported to the
Environmental Control Engineer be maintained and periodically submitted to
the Department and that any incident which requires corrective action also
be reported to the Department.

Response:

Our position on reporting to the DNR remains that we will comply with duly
established reporting requirements. Information to be reported should be
that which meets certain well-defined criteria. Open—-ended requirements
such as submittal to the DNR of records on everything reported to the
Environmental Compliance Engineer (ECE) should be avoided since the ECE
duties may well include many activities which are of no interest to the

DNR. The ECE's logs and records will be available for review by DNR
personnel during their periodic onsite inspections and we would suggest that
this is a more appropriate mechanism for review of these materials.

Similarly, we would consider that a requirement to report any incident with
a corrective action to be an overly broad criteria. We do not believe that
reporting of situations which do not involve reasonable potential for
adverse environmental impact would be useful to the DNR in completing its
responsibilities. Again, we believe the onsite inspections will be the best
mechanism for reviewing these records.

We believe it is incumbent upon the DNR to establish clear and unambiguous
criteria for establishment of reporting requirements as well as for all
other permit conditions. Broad or open—ended requirements are subject to
interpretation and could lead to continual uncertainty on both the part of
the operator and the DNR over compliance status.
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Comment No. 45 (Comment 182):

Exxon states that structures within a 1/2 mile radius of any of the shafts
will be inspected as part of the pre-blasting survey. What justification
was used for establishing the 1/2 mile radius? Any available data or
analyses regarding Exxon's evaluation of seismic and/or air blast effects
should be provided.

In a recent discussion with Exxon staff, it was indicated that Exxon is
considering conducting monitoring of blasting effects during the early
stages of development. Such plans should be discussed in the monitoring
plan.

Response:

As detailed in the attached planning note (Attachment I) on blasting seismic
effects, maximum expected peak particle velocities from blasting at 0.8 km
(0.5 mile) are expected to be less than 0.6 cm/s (0.25 inches per second).
Blasting vibrations at that level are detectable but do not indicate a need
for extending the pre-blasting survey beyond the 0.8 km (0.5 mile) radius.

As also stated in the planning note, it will be necessary to measure peak
particle velocities during shaft sinking and stope blasting, to verify or
establish new parameters for the mathematical model. 1In addition to concern
for residences, we need to measure and predict the magnitude of peak
particle velocities at various surface plant facilities and underground
installations in order to protect these facilities from damage which may
result from blasting. The general plan for blast monitoring is described in
Section 4.0 of the planning note.

Comment No. 46:

General - In reviewing the responses pertaining to the reclamation plan, it

is apparent that there were two areas of greatest concern to the Department.
These were: (1) Erosion control and surface water drainage on the mine site
and (2) Final use (including vegetation) of the mine site, particularly the

MWDF. These issues are still not clearly resolved.

Response:

Comment acknowledged.

Comment No. 47:

The erosion control/surface water drainage issue centers on two points. The
first of these is that many of the practices to be employed by Exxon will be
temporary in nature and cannot be determined until the final engineering
phase or until construction is actually in progress. The second aspect of
the problem is that discussions of erosion control are scattered throughout
the mining plan and reclamation plan and are never adequately consolidated
into one coherent section. FExxon should do this and include some
quantification of the amount of runoff expected during different phases of
the operation. This was requested in comment R5 but was not addressed by
Exxon.
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Response:
‘ The revised Erosion Control Plan is presented in Attachment II.
Comment No. 48:

The question of final use, including vegetative cover, of the mining site is
unresolved for a different reason. The Department is fairly well satisfied
with Exxon's proposed reclamation of the mine/mill site and corridors.
However, the reclamation and final use of the MWDF cannot sensibly be
proposed until the final design aspects of the MWDF are put forth. This is
reflected by Exxon's repeated response that the revised reclamation plan
will contain a comprehensive final use plan which will address the various
comments raised by the Department.

Response:

As stated in EMC's response to DNR comment No. R2 (DNR letter dated
October 10, 1983), a final use plan will be included in the revised
Reclamation Plan. The final use plan for the MWDF will focus on uses that
are compatible with those in adjacent undisturbed areas not affected by
mining-related activities. These uses include recreation and forestry.

The final proposed design for the reclamation cap for the MWDF includes 1.5
m (5 feet) of native soil over a 20.3 cm (8 inch) drain layer, a 40 mil
polyethylene membrane and two 10.2 cm (4 inch) layers of bentonite modified
soil. The 1.5 m (5 feet) of native soil will provide a growth medium for

. plant species. As indicated in the response to DNR comment No. R2 of the
October 10, 1983 letter, EMC proposes to initially establish a herbaceous
cover of grasses and legumes on the cap following final grading to ensure
stabilization of the soil surface, and then allow invasion of native species
from adjacent undisturbed plant communities. This will promote the
development of plant communities on the reclaimed MWDF that are similar to
those in adjacent areas.

Comment No. 49 (Comment R10):
The waste wood mulch storage area will require stabilization.

Response:
This material will be used throughout our landscaping efforts during Project
construction, operations and closure. Since this is considered to be an

active (live) storage area we do not think it is necessary to stabilize the
wood chips.

Comment Ne. 50 (Comment R17):
This response implies that the perimeter fence is not going to be removed

but on p. 3.9-3 of the original reclamation plan it says the fence will be
removed, Which is correct?

. Response:

The security fence around the mine/mill site will be removed during final
grading and reclamation of this area following Project closure. The fence
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around the MWDF will be maintained during the long-term maintenance period
for this facility. This will allow long-term monitoring and maintenance
activities associated with the MWDF area to be performed and will ensure
stabilization of the soil surface of the reclamation cap and the
establishment of a vegetative cover. Following the long-term maintenance
period, a decision on whether to remove the fence or not will be discussed
jointly with the DNR.

Comment No. 51:

General Comment - The reclamation plan indicates that the route from the
mine/mill site to the MWDF and the access/inspection road around the MWDF
will be regraded and seeded. The Department feels that reasonable access to
the MWDF and the various monitoring locations should be maintained through
the period of long-term care to allow for inspections and monitoring. The
reclamation plan should consider this need.

Response:

The Reclamation Plan will be revised to indicate that the access/inspection
road around the MWDF will not be reclaimed following Project closure. These
roads will be maintained to allow access to the MWDF and monitoring
locations during the period of long-term care.

Comment No. 52 (Miscellaneous Comments):

The reclamation plan states that the four vertical shafts will be capped and
sealed in accordance with designated health, safety and environmental
standards. Exxon should expand the discussion to describe how they actually
intend to abandon the shafts and how this proposal assures that if the shaft
lining were to fail, that significant caving and slumping of unconsolidated
material into the shaft would not subsequently occur.

Response:

All four circular Crandon mine shaft collars will be constructed with
reinforced concrete linings from the surface, through the unconsolidated
glacial overburden, and into competent bedrock. Factors of safety applied
to the design of these linings, coupled with the stabilizing hydrostatic
forces present following mine inundation, should preclude the possibilities
of collar lining failure and related local overburden subsidence.

Shaft abandonment practices in fact vary with facility design and local
regulatory requirements. Plans for shaft reclamation at Crandon include
removal of salvageable equipment from the main production/service shaft.
The other three shafts, used primarily for ventilation, will contain little
installed equipment.

Final abandonment for each of the four shafts will include a concrete
overburden ground water isolation plug installed at the bedrock subcrop
elevation, to reduce any potential for vertical mixing of stagnant mine
water and the aquifer above. This cement plug is connected with the shaft
lining and bedrock with reinforcing steel. After the concrete plug is
installed, the shaft will be stripped of all internal equipment from the
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plug depth to the soil surface. The shaft will then be filled with
overburden to within 10 feet of the surface. The remaining 10 feet of
concrete in the shaft collar will be broken and combined with the fill to
the soil surface. It will be covered with soil and regraded to blend with
the surrounding contours.

Comment No. 53:

Also, as has been recently discussed, Exxon should present some type of
figure illustrating the distribution of underground area which will not be
filled upon closure of the mine, and discuss why all underground voids
cannot be filled.

Response:

In the simplest terms, classified mill tailings and mine development waste
rock will be used as backfill in all areas of the mine from which ore is
produced. The three mine plan and cross—section figures (Figures 1, 2 and
3) attached illustrate the orebody outline, the interior of which would be
completely backfilled at ore depletion. Also depicted is the extent of
horizontal and vertical mine access openings exterior to the orebody which
would normally be left open as the mine floods. The unfilled shafts,
drifts, raises, and facilities represent less than 10 percent of the rock
volume removed during mining, and the openings are well separated.

Local post-mining drift or raise failure is very unlikely because of the
original mine design parameters which will provide stable rock pillars among
the vertical and horizontal openings.

Comment No. 54:

Responses which indicate that Exxon will submit additional information or
that future planning is necessary include the following: Comments 9-31,
Comment 71, Comment 105, Comment 109, Comment 110, Comment 113, Comment 129,
Comment 134, Comment 136, Comments 139 and 141, Comment 155, Comment 173,
Reclamation Plan, Comment R13 and Comment R33.

Response:

Comments acknowledged.

Comment No. 55:

Those responses which specify that additional detail cannot be provided
until the final engineering phase of the project include the following:
Comment 76, Comment 85, Comment 96, Comment 99, Comment 102, Comment 103,
Comment 148, Comment R5, Comment R6, Comment R10, Comments R18 and R21 and
Comment R27.

Response:

Comments acknowledged.

MP-122



LA B 1

INTAKE AIR PRODUCTION
YENTILATION ﬁﬁﬁSFnAME EAST MAIN
gfﬁ;ug¢lﬁaus SHAFT EXHAUST FANS
FUEL OIL

jQDEHVEHY

e O F e AT T
PERMANENT\OREBODY M _ \ -
: CROWN \ PILLAR \ %
. ' | 1 1 A\
i PRODUCTION INTERIOR INTENOR
£ YP.) EXHAUST
i {_ STOPES (TYP.) . y30m

EAST
EXHAUST
$Eﬂﬂg RAISE

350m

ORE
PASSES
(TYP.)

470m

INITIAL
\STOPES

WEST
EXHAUST
RAISE

EXHAUST AIR
PLENUM LEVEL

7zt 710m

Ll

&y Fwel v

RAIL HAULAGE *: ~ F755m 7 oRreBODY
LEVEL e 2 |780m 7 . - OUTLINE
GYRATORY il nam i
CRUSHER “‘”ga;?T
STATION BOTTOM
EXXON MINERALS COMPANY
CRANDON PROJECT
i UNDERGROUND MINE
LONGITUDINAL SECTION =
SCHEMATIC (LOOKING NORTH)
““' NONE [™"WISCONSIN [ FOREST
PRAN AT RGH T?84 CreCRs0 oY A
(FIGURE 1 FOR RESPONSE TO COMMENT NO. 53.) |~ ol s =
Typical Representation: Refinements [memmws Py
May Be Made During Final Englnesring FIGURE 1.3=7 ro——

-




184-1-11M-1

7 WEST MAIN INTAKE PRODUCTION SHAFT
FUEL OIL DELIVERY EXHAUST FANS\ AIR SHAFT HEADFRAME

22 Doy 00 °°°ga(3°9fl?n( FOROW | DRI | TS o°6@35%
/ CROWN MAIN EXHAUST o MAIN
GLACIAL PleAS e f———RAISE HOISTING SHAFT
OVERBURDEN : EVEL

I
ACCESS RAMP
— o 140 LEVEL

BOREHOLE

&—— 185 SUBLEVEL

é_
230 LEVEL
oo TALL W/GROUNDWATER
ORE PASS SUMPS

INTERIOR EXHAUST

AIR RAISE

EXHAUST AIR
PLENUM LEVEL

MOBILE EQUIPMENT

295 SUBLEVEL
RAMP DECLINE

= N
350 LEVEL

W/MINE SUMPS

415 SUBLEVEL

HW

~_ ORE/WASTE PASS
=
470 LEVEL

6§35 SUBLEVEL

>_ 590 LEVEL
— 805 LEVEL

——— 640 SUBLEVEL

JAAVARETSLETIVIR!

MAINTENANCE SHOP = § 895 LEVEL
2 710 LEVEL

RAIL HAULAGE LEVEL .
7 : 755 LEVEL
MASSIVE ORE i 780 LEVEL
W/MINE SUMPS
STRINGER ORE COARSE ORE AND WASTE BINS SKIP POCKET
GYRATORY CRUSHER STATION 837m SHAFT
HD RAMP BOTTOM

NOT TO SCALE

(FIGURE 2 FOR RESPONSE TO COMMENT NO. 53.)

CRANDON PROJECT

CONCEPTUAL CROSS-SECTION
(LOOKING WEST)

MP-124




(O LEVELS ABOVE &
HANGING WALL LATERAL BELOW)

PORTABLE MINE POWER

WEST EXHAUST CENTER STATION (TYPICAL) WASTE PASS

/MAIN PRODUCTION SHAFT
TO SURFACE

/INTAKE AIR SHAFT
MOBILE EQUIPMENT
SUMPS 1N / MAINTENANCE SHOP
(e

Lo | &
Q)
29

REFUGE CHAMBER

EXHAUST VENT RAISE

FOOTWALL LATERAL

WEST INTERIOR
ORE PASS
EXHAUST RAISE (TYPICAL)

STI-dH

EAST INTERIOR
EXHAUST RAISE EAST EXHAUST

STOPE CROSS—cuUTs 10 SURFACE
w/DRAWPOINTS (TYPICAL)

[l MASSIVE ORE

STRINGER ORE

(FIGURE 3 FOR RESPONSE TO COMMENT NO. 53.)
EXXON MINERALS COMPANY

CRANDON PROJECT

TTLE

MAIN MINE LEVEL (350m)
CONCEPTUAL PLAN

[ TNONE_ | WISCONSIN | FOREST
[ BRAWH 87 BaTt THECKED BY BaTt
© " movio ey BATE AFPROVED BY BaTE
[ FroviD BY ATt (77T BaTE
Typlcal Represaentation: Refinements

May Be Made During Final Enginesring FIGURE 1.2-5



	Blank Page



