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September 13 1989

HAND DELIVERED

Mr Jerry Sevick

Foth Van Dyke
2737 South Ridge Road
RU Box 19012

Green Bay WI 54307-9012

Re Kennecott Mining Permit Application -- Supplemental

Transmission of Deeds

Dear Jerry

Under NR 182.09 person submitting mining permit application

must include as an appendix to the application copy of the property

deeds relating to the site on which NR 182 facilities will be located

When Kennecott submitted its mining permit application to the DNR
on April 1989 it indicated that property deeds would be submitted

under separate cover That material is now enclosed

When reviewing this material two points should be noted First while

the deed which Flambeau Mining Company received is merely quit

claim deed it is insured by title insurance policy issued to Flambeau

Mining Corporations parent company This means that title

insurance company has reviewed the legal chain of title and is willing
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DeWIfl PORTER HUGGE1T SCHUMACHER MORGAN S.C

Mr Jerry Sevick

September 13 1989

Page

to insure that Kennecott Minerals Company had full legal title to the

properties which it conveyed to Flambeau Mining Corporation

Second the deed encompasses considerably more land than merely the

waste site area or even more than the project area For reference

purposes the project area is defined in the mining permit application

as follows

That part of Section Nine Township Thirty-Four 34 North

Range Six West Rusk County Wisconsin lying east of the

Flambeau River and south of Blackberry lane and the area required

for an approximate one-mile long railroad spur located in part of

Section Ten 10 Township Thirty-Four 34 North Range Six

West Rusk County Wisconsin lying west of the main line of the

Wisconsin Central Limited

This area is shown in Figure No 1-1 of the mining permit application

Please let me know if either the Department of Transportation or

Department of Natural Resources is interested in further

documentation or if they have any questions with respect to this

transaction

Very truly yours

Paul Kent

PGKbmf
Enclosures
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VOL 2GOPAC

DEED

Flambeau Project

KENNECOTT MINERALS COMPANY Delaware corporation
hereinafter designated Grantor hereby quitclaims to
FLAMBEAU MINING INC Delaware corporation whose address
is 10 East Temple P.O Box 1l248.Salt Lake Utah 84147

hereinafter designated Grantee for the sum of Ten Dollars

$10.00 and other good and valuable consideration the

receipt and sufficiency of which are hereby acknowledged by
Grantor the following described real property and including
all patented mining claims and unpatented mining claims and
interests therein and all riparian and littoral rights per
taining thereto herein designated the Subject Properties
situated in Grant Township Rusk County State of Wisconsin

See Exhibit attached hereto
and hereby incorporated herein

For the same consideration Grantor hereby transfers

and conveys or agrees to cause to be transferred or conveyed
to Grantee without warranty any and all additional right
title or interest in or to the Subject Properties which

Grantor may now have or at any time hereafter acquire

IN WITNESS WHEREOF Grantor has
cauged

its corporate

name1and seal to be hereunto affixed this/ day of June 1989
O22 day of June 1989 to be effective thei\

KENNECOTT MINERALS COMPANY

TRANSFER

By
FEE

ATtET

PA54at
P.S Gibbs

Title /J5s/am

J.1Dupn

Title

REGISTERS OFFICE

RUSK COUNTY

Received for4Record
the

lay of
19/7

at gcIock 14 and

recorded in Vol of

Records on page

Registcr ol Deeds
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STATE OF ho

Cuphcj COUNTY

VOL .60 271

On this the Ztd day of JCLi1O 1989 before me
the undersigned officer personally appeared 6.J Uwui

P3.Ciibb5 and _____________________________ who

acknowledged themselves to be the Ycc tccsiclcnt

and Me-t- 3cr.tcry respectively of KENNECOTT
MINERALS COMPANY dorporation and that they as such

officers being authorized so to do executed the foregoing
instruments on behalf of said corporation for the purposes
therein contained

official seal
IN WITNESS WHEREOF have set hereunto my hand and

________________________

This instrument was drafted by and after recording should be

returned to David Lott Foley Lardner 777 East Wisconsin

Avenue Milwaukee Wisconsin 53202

SEAL Name 2LLwL ULJd
Notary Public ________ County
STATE OF EILEEN GAWLIK

NuLd Publit Clate of 0h4

My Commiss ion
Recorded in Cuyahoga County

My Comm Eopires
1O-2390

A4



VOL .tiU PAGE

EXHIBIT

The real estate premises are described as follows

The South onehalf of the South onehalf of the Northeast
Quarter of the Northeast Quarter the Northwest Quarter of the

Northeast Quarter except beginning at the Northeast NE corner
of said Northwest Quarter of the Northeast Quarter thence West

along the South line of the existing road Four Hundred Ten J410
feet thence South Two Hundred Twelve and 5/10 212.5 feet thence
East Four Hundred Ten 4l0 feet thence North Two Hundred Twelve
and 5/10 212.5 feet to the point of beginning the Southeast
Quarter of the Northeast Quarter the Northeast Quarter of the

Southeast Quarter the Southeast Quarter of the Southeast Quarter
Government Lots Three Four LI Five Six Seven
and Eight Section Nine Township Thirtyfour 314 North
Range Six West

That part of the Northwest Quarter of the Northeast Quarter lying
East of the Railroad Section Ten 10 Township Thirtyfour 314
North Range Six West except thatpart of Lot One of
Certified Survey Map Page 2814 That part of Government Lot

Seven Section Three Township Thirtyfour 34 Range
Six West lying West of Railroad that Part of the Northwest
Quarter of the Northeast Quarter of Section Ten 10 Township
Thirtyfour 344 North Range Six West lying West of Railroad
that Part of the Southwest Quarter of the Northeast Quarter lying
East of Railrcad that Part of the Southwest Quarter of the North
east Quarter lying West of Railroad the Southeast Quarter of
the Northeast Quarter the NOrtheast Quarter of the Northwest

Quarter that Part of the Northwest Quarter of the Northwest
Quarter lying East of State Highway 27 excepting parcels described
as follows

parcel in the Northwest Quarter of the Northwest Quarter com
mencing at the Northeast corner thence 200 feet West thence
66 feet South thence 200 feet East thence 66 feet North to the

point of beginning and
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Commencing at the intersection of the South rightofway line

of Town Road with the East rightofway line of State Highway

27 thence Southerly along said East rightofway line 175

feet thence Easterly at right angle 150 feet thence Northerly
at right angles and parallel to said East rightofway line
215 feet to the South line of Town Road thence Westerly along
town road 156 feet to the point of beginning and

Commencing at the intersection of the South rightofway line

of Town Road with the East rightofway line of State Highway
27 thence Southerly along said East rightofway line 175 feet
to the point of beginning of the land to be herein described
thence Southerly along the East lihe of Highway 208.7 feet
thence Easterly at right angles 208.7 feet thence Northerly
at right angles and parallel to said East rightofway line
208.7 feet thence Westerly at right angles 208.7 feet to the

point of beginning

The Southwest Quarter of the Northwest Quarter the Southeast
Quarter of the Northwest Quarter the Northeast Quarter of the

Southwest Quarter the Northwest Quarter of the Southwest Quarter
the Southwest Quarter of the Southwest Quarter the Southeast
Quarter of the Southwest Quarter the Northeast Quarter of the

Southeast Quarter the Northwest Quarter of the Southeast Quarter

lying East of Railroad the Northwest Quarter of the Southeast
Quarter lying West of Railroad the Southwest Quarter of the

Southeast Quarter lying East of Railroad the Southwest Quarter
cif the Southeast Quarter lying West of Railroad the Southeast
Quarter of the Southeast Quarter of Section Ten 10 Township
Thirtyfour 34 North Range Six West

Government Lots One l.Two except parcel of land lying
within Government Lot Two Section Sixteen 16 Township Thirty
four 34 North Range Six West described as follows Com
mencing at the Northwest corner of said Section Sixteen 16
said corner being the center line of North and South Tow8 Road
and intersection of East and West fence thence North 89 OE along

the North line gf Section Sixteen 16 distance of 594.4 feet

th8nce South 37 30E distance of 2860.9 feet thence South

56 l5E distance of 341.1 feet to the point of begin8ing thence

South 33 45W distance of 50.0 feet thence South 56 l5E
distance of 197.0 feet to an intersection wth the Northwesterly

edge of the Flambeau River thence North 37 llE distance of

50.09 feet thence North 27l7E distance of 150.96 f8et thence

North 5615W distance of 183.0 feet thence South 33 45W
distance of 150.0 feet to the point of beginning Three
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Four 14 Five Six except parcel of land lying within
Government Lot Six Section Sixteen 16 Township Thirty
four 314 North Range Six West said parcel being more

particularly described as follows Commencing at the southeast

corner of said Section Sixteen 16 said corner being the

intersection of the corner line of State Highway 27 and the center
line of County Road thence north no degrees three 03
minutes west along the center line of State Highway 27 distance
of eight hundred forty and onetenths 840.0 feet thence north

fiftythree 53 degrees fiftyone 51 minutes west distance

of eighteen hundred fiftyfour and twotenths 18514.2 feet thence
north fiftysix 56 degrees fifteen 15 minutes west distance
of six hundred fortyseven and notenths 6147.0 feet to the point
of beginning thence south thritythree 33 degrees fortyfive
145 minutes west distance of fifty and notenths 50.0 feet
thence north fiftysix 56 degrees fifteen 15 minutes west

distance of one hundred ninety eight and twotenths 198.2
feet to an intersection with the southeasterly edge of the Flambeau

River thence north thirtyone 31 degrees fortyone 141 minutes
east distance of fifty and three onehundredths 50.03 feet
thence north thirty 30 degrees forty 140 minutes east distance
of one hundred fifty and twentytwo onehundredths 150.22 feet
thence south fiftysix 56 degrees fifteen 15 minutes east

distance of two hundred eight and 08/100 208.08 feet thence
south thirtythree 33 degrees fortyfive 145 minutes west

.distance of one hundred fifty and notenths 150.0 feet to the

point of beginning Seven and Eight the Northwest Quarter
of the Northwest Quarter the Northeast Quarter of the Southeast

Quarter the Southwest Quarter of the Southeast Quarter the
Southeast Quarter of the Southeast Quarter of Section Sixteen 16
Township Thirtyfour 314 North Range Six West

Government Lots Three Four 14 Five Six and Seven

the Northeast Quarter of the Northeast Quarter the Northwest

Quarter of the Northeast Quarter4of Section Seventeen 17
Township ThirFyfour 314 North Range Six West

The Northeast Quarter of the Northeast Quarter the Southwest

Quarter of the Northeast Quarter the Southeast Quarter of the

Northeast Quarter the East onehalf of the East onehalf of the

Northwest Quarter the Northeast Quarter of the Southeast Quarter
of Section Twenty 20 Township Thirtyfour 314 North Range
Six West

the Southwest Quarter of

the Southeast Quarter
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The Northeast Quarter of the Northeast Quarter the Northwest
Quarter of the Northeast Quarter the Southwest Quarter of the

Northeast Quarter the Southeast Quarter of the Northeast Quarter
the Northeast Quarter of the Northwest Quarter the Northwest Quarte
of the Northwest Quarter the Southwest Quarter of the Northwest

Quarter the Southeast Quarter of the Northwest Quarter the North
east Quarter of the Southwest Quarter the Northwest Quarter of

the Southwest Quarter the Northeast Quarter of the Southeast
Quarter the Northwest Quarter of the Southeast Quarter the

Southwest Quarter of the Southeast Quarter of Section Twenty-one21 Township Thirtyfour 314 North Range Six West

The Southwest Quarter of the Northwest Quarter and the

Northwest Quarter of the Southwest Quarter of Section Twentytwo22 Township Thirtyfour 314 North Range Six West

Located in the City of Ladysmith and Township of Grant
Husk County State of Wisconsin
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LOCAL AGREEMENT

BETWEEN RUSK COUNTY THE TOWN OF GRANT

THE CITY OF LADYSMITH

AND

KENNECOTT EXPLORATIONS AUSTRALIA LTD

FOR

DEVELOPMENT OF THE

KENNECOtT FLAMBEAU MINE
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AGREEMENT BETWEEN RUSK COUNTY THE TOWN OF GRANT

THE CITY OF LADYSMITH

AND

KENNECOTT EXPLORATIONS AUSTRALIA LTD

WHEREAS the County of Rusk the Town of Grant and the City of

Ladysmith have formed Local Impact Committee for among other

things the purpose of representing local governments to protect

local interests while developing workable rules under which the

mining project proposed by Kennecott Explorations Australia Ltd

Kennecott can proceed in Rusk County

WHEREAS portions of Sections 10 16 17 20 and 21 T34N
R6W Rusk County in the Town of Grant have been identified as site

with mineral deposit

WHEREAS Kennecott owns the mineral deposit and is interested in

developing such deposit into an Open Pit copper mine

WHEREAS Rusk County the Town of Grant and the City of

Ladysmith have exercised the authority grinted in section 144.838 and

144.839 Wisconsin Statutes by establishinga Local Impact Committee

to negotiate with Rennecott relative-to the proposed copperMine

WHEREAS Rusk County the Town of Grant and the City of

Ladysmith have exercised the authority granted in section 144.838 of

the Wisconsin Statutes by appointing two members each to the Local

Impact Committee and

WHEREAS the Town of Grant Rusk County City of Ladysmith and

Kennecott are desirous of completing these negotiations in timely

and equitable fashion
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NOW THEREFORE IT IS AGREED by and between the Town of Grant

Rusk County the City of Ladysmith and Kennecott that the following

definitions shall be used to interpret the meaning of items contained

within this Agreement

Active Mine Area shall mean the operations area of the Opera

tors land including the Open Pit itself as well as the water

treatment facility crushing and loadout facility runoff catchment

administration center stockpiled material for backfill overburden

topsoil and settling ponds as identified with reference to Exhibit

but excluding the railroad spur and utility lines

Active Mining shall mean and include all phases of construc

tion and operation of the Mine

Baseline Monitoring Program shall mean that period of time and

that phase of the proposed mining operation during which baseline

data as defined in Sec NR132.032 is being collected and analyzed

DNR shall mean the Wisconsin Department of Natural Resources

Downgradient Wells shall mean all wells located west and

northwest of the Open Pit between the Pit and the Flambeau River and

as far north as Blackberry Lane

Earthen construction shall mean the berm which the Operator

shall construct in the Active Mine Area to contain wastes and waste

water treatment ponds

Emergency shall mean for the purposes of section 10 only

those times when due to strikes acts of God accidents or force

majeure the railway line serving the Mine cannot transport Ore away

from the Mine

EPA shall mean the United States Environmental Protection

Agency
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Gossan shall mean gold bearing ore

Hazardous Waste shall have the meaning set forth at Sec

144.432 Wisconsin Statutes

Leachate shall have the meaning at Sec NR182.0426

Local Impact Committee shall mean the committee designated by

the Town of Grant Rusk County and the City of Ladysmith to negoti

ate subject to each of the parent municipalitys satisfaction this

Agreement and any successor committees hereto whether designated

pursuant to Secs 144.438 or 66.30 Wisconsin Statutes or under

other statutory authority

Metallic Mineral shall have the meaning at Sec NR132.039

Mine shall mean all of the operations associated with the Open

Pit mine sought to be developed under this Agreement by Kennecott

Mine Operation shall mean that phase of the mining project

which shall begin after the necessary DNR permits have been granted

and after construction has been concluded to consist of the process

over several years of time of the extraction and of the shipping of

Ore It shall end with the conclusion of the Ore extraction process

shipping of the Ore and the commencement of the closure

Mineral Deposits shall mean the body of Ore from which

Kennecott proposes to extract copper and gold

Mining shall have the meaning at Sec NR132.03ll

4ining Operation shall mean and include all phases of con

struction operation and closure of the Mine

B6



Open Pit shall mean that area on the surface of Operators

land which the Operator intends to excavate and from which Ore will

be extracted

Operator shall mean and include the following The person

applying for Applicant all necessary local state and/or federal

permits with which to operate the Mine subject to this Agreement the

Owner of the land on which the Mining Operation will take place and

the Owner of the Ore extracted therefrom

Operators Rentals shall mean those houses business build

ings other structures and real estate owned by the Operator but

rented or leased by it to third parties for their use and occupation

Ore shall have that meaning set forth at Sec NR132.0317

Owner Applicant or Operator shall mean Kennecott

Participating Local Governments shall mean the Town of Grant

the County of Rusk and the City of Ladysmith all of which are

located in the State of Wisconsin

Pollution shall have the meaning set forth at Sec 144.0110

Wisconsin Statutes

Secured Area shall mean all of the Operators land situated

inside of the Security Fence

Security Fences shall mean fence capable of Qreventing human

beings from intruding into the Active Mine Area to consist generally

of six foot high chain link fence with three strands of wire on

the top

Temporary Closure shall mean an unanticipated cessation of

Active Mining operations not to exceed six months whether caused

by strike or strikes force majeure or other reasons



Test Materials shall mean the equipment supplies chemicals

and/or other items necessary to take and test water samples

Ton shall mean 2000 American pounds

Town Board shall mean the Board of the Town of Grant Rusk

County Wisconsin and where the circumstances dictate it shall

refer to the City Council of the City of Ladysmith

Town Officials means any person legally holding the elective

offices of Town Chairman Town Supervisor Town Clerk Town Treasurer

and Town Assessor For purposes of this Agreement said term shall

also include officials of the City of Ladysmith occupying the same or

similar positions whether elected or appointed under circumstances

wherein such interpretation should be given to the term

Well Cluster shall mean or more wells installed within 10

feet of each other at the ground surface and constructed to varying

depths

IT IS FURTHER AGREED THAT

DNR PERMITS/PERFORMANCE BOND

The Owner or Operator of the Mine will secure all necessary

licenses and permits from the DNR The Operator will furnish

copy of the performance bond or other approved security set by

the DNR to the Local Impact Committee

MINING PERMIT

Operation of the Mine shall comply with all DNR regulations in

NR 132 applicable to the Mine and associated facilities except

as to exemptions from such regulations as may be granted to the

Operator by the DNR in accordance with NR 132.19 Wis.Adxn Code

in which cases the Operator shall comply with such alternative

regulations if any as are imposed by the DNR The Local

Impact Committee will be provided copies of all pertinent

documents which Xennecott provides to the DNR pertaining to any
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request for an exemption copy of the mining permit and plan

of operation and any modifications thereto if any submitted

to and approved by the DNR as requirement for licensing will

be made part of this Agreement

The Operator shall take preventative measures to minimize

surface water runoff or erosion and to accomplish that purpose

will finish grading and will seed completed areas of the Mine in

accordance with the closing plan made part of this Agreement

PROJECT OVERVIEW

Project Scope and Limitations

The Mine inclusive of appurtenant structures and facil

ities but excluding the railroad spur access roads and

utility feed lines shall be situated on land whose legal

description is as set forth in Exhibit It shall consist

of an Open Pit from which the Operator intends to extract

topsoil overburden waste rock and Ore the purpose of

which Open Pit shall be to ramove Ore containing copper

silver and gold The topsoil waste rock and overburden

shall be stored for use in restoration of the Open Pit

during the Mines closure phase

Dimensions of the Open Pit and Active Nine Area the Open

Pit shall be no greater than 40 acres more or less in

size and shall be excavated to depth of no more than 225

feet more or less below the grade existing on the site as

of January 1988

Limitations The Mine herein described shall be subject to

the following limitations

There shall be no conversion from an Open Pit to deep

shaft mineral mining
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There shall be no smelting concentrating or refining

of Ore on the Operators land or in Rusk County

There shall be no material expansion of the Mine

without first reopening this Agreement and any zoning

land use permits granted in accord herewith Materi
al expansion shall mean any substantial increase or

variation in the size scope or intent of the Operator

as to the instant Mining Operation which varies with

the description of the project as herein contained and

as correspondingly established in the DNR permit

process Substantial increase or variation in the

size scope or intent of the Operator shall be

further defined as any such increase or variation in

the size scope or intent as to the instant Mining

Operation which shall exceed in excess of ten 10
percent the parameters for the project as set

forth in paragraph of this Agreement It shall

not include minor variations on either the size in

acres or depth of the Open Pit as evidenced by the

approximate dimensional criteria set forth at

above nor shall it include variations in annual

activity during the Mine Operation phase of the

project due to production fluctuations Material

expansion shall not pertain to amounts of Ore shipped

in any year nor over the life of the project

The Active Mine Area shall at all times during the

construction operations and closure phases of the

project be enclosed by the Security Fence entry

through which shall be via secured gates

The Operator shall install maintain and utilize

surface water containment systems and water treat

nent plant to protect the groundwater and surface
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water of Rusk County in accordance with DNR speci
fications

The topsoil waste rock and overburden removed from

the Open Pit shall be stock piled for use in site

restoration during the Mine closure phase

Except as otherwise allowed in this Agreement all

transportation of Ore away from the site shall be via

railroad

Such other and further limitations as are expressed in

this Agreement or by the DNR shall also apply to the

proposed Mine

The restrictions herein enumerated as to hours and

days of operation

10 300000 Tons of ore per year shall be the approximate

projected amount of ore to be shipped from the Mine

each year

The Nine and operations related thereto shall consist of

three phases those being Construction Mine

Operation and Closure

SETBACKS

Structures in the Active Mine area shall be kept at least 250

feet from adjacent property owned by others except for the

distance from the Flambeau River and other streams within the

Active Mining Area and from roads and shall at no time exceed

225 acres The total Open Pit area shall not exceed 40 acres

The 250 foot buffer to adjacent property shall be maintained in

existing natural vegetation to act as an aesthetic visual

barrier The Open Pit contemplated herein shall be excavated no

Bi



deeper than approximately 225 feet below the grades existing at

the Active Mine Area on January 1988

GATES AND VISITORS OBSERVATION AREA

The Operator shall construct and maintain gates of sufficient

strength to control access to the Mine The gates shall be

closed and kept locked by the Operator except during the hours

of operation

The Operator will provide an area to allow visitors to park and

observe the Mining Operation

SECURITY FENCING

Security Fences shall be used to surround the Active Mine Area

to prevent unauthorized entry These Security Fences shall be

in place prior to operation and maintained and used during the

life of the Mine Commencing with construction start up and

continuing through closure of the Mine the Operator shall

repair the Security Fences as needed

CONSTRUCTION SUPERVISION/INSPECTION

All earthen construction of the Mine its storage areas and

wastewater treatment ponds siall be under direct supervision

inspection of registered professional engineer

HOURS OF OPERATION

Blasting crushing and rail shipping operations shall be con

ducted during daylight hours Monday through Saturday only

ACCEPTABLE WASTE TYPES

The only nonhazardous wastes to be-stored at the Mine are those

wastes as defined by DNR and generated by the operations The

Operator shall not accept receive store or dispose of any

Metallic Mineral from any other mine without Local Impact

Committee approval except those materials necessary for opera

tion of the Mine and facilities No Hazardous Waste as
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currently defined by the DNR according to NR 181.12 regardless

of quantity shall be accepted received stored disposed of or

transported to the Mine and Operator agrees that it shall not

at any time apply to the DNR for Hazardous Waste permit to

store or to dispose of any material currently defined as

Hazardous Waste at the Mine or at any location in Rusk County

This section does not preclude onsite storage of fuels lab

chemicals and blasting materials provided they are contained in

secured areas This section also shall not apply to any precip

itate resulting from water treatment activities

10 OFF-SITE ACCESS ROADS

During the life of the Mine Operator its employees and agents

transporting Ore to and from the Mine by truck shall be limited

to access to and from the Mine from State Highway 27 via

Blackberry Lane town road as of the time of execution of this

Agreement unless new access road is constructed entirely at

the expense of the Operator Use of Jensen Road Meadowbrook

Road and Doughty Road lying to the east of State Highway 27

for Ore hauling purposes shall be limited to those emergency

situations when the rail spur serving the Mine is impassible or

inoperable and only for the purpose of gaining access to and

from the main railway line to which said spur line is connected

The Operator shall construct maintain and rpair to Town Road

Standards as established by the Wisconsin Department of Trans

portation and as amended or revised from time to time those

portions of the designated access road which are under Town

jurisdiction and which are used by trucks for transporting Ore

to or from the Mine to the extent that they remain as public

roads The Operator may contract with the Town any other

municipality or private firms for said maintenance and repair

including such graveling grading and snow plowing as is neces

sary Said maintenance and repair responsibilities shall

continue throughout the period of active Mining Notwithstand

ing the language above the primary means of transporting Ore to
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and from the Mine shall be by rail The use of trucks for

transporting Ore to and from the site shall be limited to

emergency situations or for special shipments of Ore containing

significant amounts of gold bearing Gossan if required for

special shipments The use of trucks to transport to and from

the Mine during the closure phase shall be negotiated separately

prior to the end of the active Mining phase

Emergency situations as that term is used herein shall not

include the closure of the rail line or lines over which the Ore

is intended to be transported for periods of time in excess of

one month whether due to employee strikes weather or other

conditions either within or outside of the control of the said

rail line or rail lines nor shall such conditions exist if the

railroad currently the Wisconsin Central Ltd or its succes

sor in interest to which the Mine spur line would be connected

abandons its line to which the spur is connected Under any of

the circumstances herein described the Operator agrees to

confer with the Local Impact Committee as to alternative means

of transportation and their environmental social and govern

mental effects and means of minimizing the same

The restriction in sections 10 and 11 to the effect that condi

tions are imposed upon the use of trucks for the hauling of Ore

to and from the Mine shall not apply with respect to sample

shipments for testing purposes or other small shipments which

are capable of being transported in trucks whose gross loaded

weight does not exceed 10000 pounds

11 TRUCKING RESTRICTIONS

In the event that trucks are used as referred to under section

10 such use shall be subject to the following restrictions

No trucks shall transport Ore on Town roads during any

other than daylight hours
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This section and section 10 shall also apply to any Town

roads which are ultimately annexed by the City of

Ladysmith

The Operator shall clean all truck tires before such trucks

exit on to any hard surfaced public road

The Town Board may set speed restrictions on any Town Roads

or Town roads which are ultimately annexed by the City used

for transporting Ore pursuant to 349.11 Wisconsin

Statutes

Any trucks transporting Ore on public roads shall be

maintained to minimize leaks and shall be covered

All internal haul roads at the Mine site shall be

restricted to prevent any public access

It is agreed that the primary means of transporting Ore from the

Mine to offsite facilities for smelting processing and

refining shall be via railway To this effect the Operator

agrees that it shall before Mining and extraction begin take

the necessary steps to have constructed and place into operation

spur line connecting the Mine with the main line of what is

presently the Wisconsin Central Ltd east of the Mine

12 HIRING OF EMPLOYEES

Over the life of the operation Kennecott shall in accordance

with applicable law assure that after the start of Ore ship

ments an average of 75% of the mine workers shall be persons

who have resided in or within 10 miles of Rusk County for

period of at least one year prior to hiring whether hired

directly by Kennecott or by any contractor/subcontractor hired

by Kennecott Contracts awarded by Xennecott shall contain

local hiring goals for this purpose
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13 GROUNDWATER MONITORING WELLS

Not less than groundwater monitoring Well Clusters shall be

constructed within the Active Mine Area as indicated in Exhibit

These wells are to be tested on at least quarterly basis

during the Baseline Monitoring Program construction and

operation In the event that background of ground water

contamination or content of minerals or other substances is

ascertained which exceeds any applicable state or federal health

standards which discovery is made during base line testing the

well owner or owners shall be notified Monitoring after

closure shall be in accordance with the DNR approved reclamation

plan If testing of Downgradient Wells indicates that water

quality does not meet primary and secondary drinking standards

and if water quality indicates significant deterioration from

the background testing required herein written notice shall be

immediately sent by the Operator to all existing Downgradient

Well owners within the area indicated on Exhibit attached

hereto informing them of the results and requesting permission

to test their wells within 48 hours

14 TESTING/GUARANTEE OF PRIVATE OFF-SITE WELLS

In addition to monitoring wells on the Mine site and surrounding

the Mine site in accordance with this Agreement and DNR regu

lations the Operator will also pay for and be responsible for

the following

The Operator shall test all existing active wells with

respect to both quality and quantity to establish back

ground data including those serving the Operators

rentals within the area indicated on the map attached

hereto as Exhibit at least twice prior to construction

of the Mine and provided the owners not party to this

Agreement give permission

If after commencement of mining any well tests within the

area indicated on Exhibit indicate contamination or
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Pollution or if recommendations are issued by DNR not to

use such well or wells for human consumption Operator

shall immediately following such discovery and also at

least once year thereafter test all active wells within

the area indicated on Exhibit and continue such testing

for 20 years thereafter unless it is proven that the

contamination or Pollution is not caused by the Mine or

such condition is corrected in which case such further

testing shall no longer be required or such requirement is

waived in writing by the Local Impact Committee provided

for herein Such waiver shall not be unreasonably with
held

Appropriate records shall be maintained and kept during

this time period The results of all tests on and off site

shall be filed with the Town Clerk and Local Impact Commit

tee

The parameters to be tested are field ph field conductiv

ity acidity chemical oxygen demand iron hardness

alkalinity and chlorides Tests are to be conducted in

accord with standard EPA or DNR approved methods If the

tests indicate significant adverse change in any of the

parameters from the baseline data the Operator will perform

additional tests for other elements such as sulfates

arsenic cadmium chromium lead mercury and zinc to

determine the cause of the change

Test materials shall be furnished by the Operator who shall be

responsible for taking samples

If during the period commencing with the start of the Mining

Operation and ending 20 years after the Mine ceases to operate

any well within the area indicated on the map attached as

Exhibit has evidence of contamination Pollution or has

written recommendations by the DNR not to be used for human
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consumption it shall be presumed that failure of the well has

occurred and that failure was caused by the Mine unless Opera

tor at it own expense proves otherwise Owners who do not

grant the Operator permission to test their wells as indicated

in above shall not be eligible for relief granted here

under

Where well failure is presumed as indicated above the Operator

shall upon notice by the Town Board provide an alternate and

adequate sotffe of water for domestic consumption and for

livestock consumption where applicable In addition the

Operator shall assume all municipal responsibility under Sec

144.855 Wis Stats for any damage to those ownerst water

supplies until such time as responsibility is proven otherwise

As used in this subsection municipal shall include the Town

of Grant as well as the City of Ladysinith

If the Operator undertakes the municipal responsibilities under

Sec 144.855 Wis Stats and provides an alternate source

of water and it is later determined by the DNR or court that

the Mine is not the cause of damage to private water supply

the Operator may elect to be reimbursed for all the costs of

supplying water during period not exceeding one year under

this Agreement by the third party to whom such water was sup

plied The Operator shall have no responsibility to furnish

compensation or an alternative supply of water under these

provisions unless the party to whom compensation is provided or

to whom the water is supplied signs an agreement with the

Operator acknowledging the Operators right to reimbursement

15 COMPENSATION FROM LOSS IN PROPERTY VALUE DUE TO PROXIMITY OF

MINE

During the period commencing with the start of the Mining

Operation and ending 20 years after the Mining Operation ceases

any private land owner or tenant or his or her successor in

interest utilizing well or wells located within the area set
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forth in Exhibit who feels they have suffered tangible

monetary loss as direct result of their proximity to the Mine

may appear at any regularly scheduled meetings of the Local

Impact Committee to present any claims of loss in property value

due to their proximity to the Mine and which loss exceeds any

other prevailing losses to similar property values in the

County The Local Impact Committee will hear all testimony

relative to the compensation claim An investigation may also

be made of the facts in the claim independently by the Local

Impact Committee

Prior to construction of the Mine and with the cooperation of

landowners within the abovementioned area the Operator at his

own cost shall have all properties in the subject area and

three comparable properties outside the subject area but in

Rusk County appraised by an independent appraiser to establish

base information Any property owner or his or her successor in

interest refusing to cooperate by allowing their property to be

appraised shall not be eligible to seek relief under this

section at later date If the Local Impact Committee does not

agree with the appraisals the Local Impact Committee shall

obtain an independent appraisal The cost of the appraisal

shall be paid for in equal shares by the Participating Govern

ments and reimbursed from the payment required in Section 21

herein If two appraisals are not within 10% of one another

the Operator or the Local Impact Committee can request third

appraisal be made by mutually acceptable appraiser The

average of the third appraisal and the closest appraisal will be

used as the basis and the party whose appraisal is not used will

pay for the third appraisal

If any such claim cannot be settled through meeting between

the claimant the Operator and the Local Impact Committee

claimants must supply new appraisal from licensed appraiser

substantiating in writing the reasons for such loss in proper

ty values The Operator at its expense shall also have new
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appraisal prepared by licensed appraiser again substantiating

in writing reasons for any loss or in dispute of any loss in

value of the subject property The Local Impact Committee shall

then have review appraisal made of these two appraisals to

determine whether there has been any decrease in value of the

subject property solely due to its proximity to the Mine and to

determine just compensation for any such loss in value substan

tiated by the Reviewer The Local Impact Committee shall hire

the review appraiser These appraisals and reviews shall be

conducted in accordance with DNR appraisal and review appraisal

guidelines in effect at the time such reviews or appraisals are

done or some other appropriate guidelines as agreed to by the

parties

If based upon the review appraisal the Local Impact Committee

determines that the decrease in the value of the subject proper

ty was solely due to the proximity of the subject property to

the Mine and the claim is justified the Local Impact Committee

shall determine that the amount of compensation representing the

difference between the property without proximity and with

proximity to the Mine shall be paid to the claimant If

compensation award is made to the claimant the Operator shall

reimburse the claimant for appraisal costs in the manner in

dicated below If no ccmpensation is awarded the claimant

shall not be reimbursed for appraisal costs and shall reimburse

the Operator for the Operators appraisal costs The Local

Impact Committee shall have the power to assess Local Impact

Committee costs and fees for conducting any investigation in

addition to compensation awarded

The affected property owners shall have the right to elect to

receive monetary damages if the property is sold in an arms

length transaction for the subject propertys reduced market

value due to the proximity to the Mine substantiated by the

respective appraisals unless the Operator at its option

purchases the affected property from the claimant at its
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equalized valuation in the year preceding any determination of

Loss The equalized valuation for such purposes shall be

calculated by the Town Assessor in the usual manner and shall

not reflect any loss in value due to proximity to the Mine

16 LOCAL MINING IMPACT COMMITTEE

Within ten days after the date of this Agreement the County

Town and City shall establish successor Rusk County Mining

Impact Committee Committee or Local Impact Committee consist

ing of the chief elected official of the Town County and City

or their designees who possess no conflict of interest rela

tive to the Mine For purposes of this Agreementconflict of

interest shall be defined as meaning that no member shall own

real estate within one mile of the Mine nor shall he or she be

married to or related by blood to any person with fee simple

interest in real estate situated within one mile of the Mine or

employed at the Mine Any two members shall establish quorum

Said Corr.mittee may hold such public meetings noticed pursuant to

the Open Meeting Law as it deems to be appropriate One or more

of said meetings each year shall include public forum to

discuss concerns or problems with the operation of the Mine

This reference to public meetings shall not be construed as

prohibiting the Committee from transacting business in closed

session where deemed appropriate and necessary by it in accord

with Sec 19.85 Wis Stats

To assist the Local Impact Committee in its monitoring efforts

and in order for the Local Impact Committee to maintain famil

iarity with the ongoing status of the mining operation the

following information will be provided by the Operator on an

annual basis if generated no more than bne time per year

or on semiannual basis if generated more frequently than on

an annual basis

Verifiable information as to the amounts and types of Ore

removed on an annual basis
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Copies of reports between the Operator and the DNR

Copies of complaints that are received by the Operator from

citizens neighbors local law enforcement officers and

the DNR

Notice of any significant change in operational plans for

the proposed site

Copies of insurance certificates pertaining to the proposed

site

Such information as is necessary to update the Participat

ing Local Governments officials as to any substantial

changes in organizational structure of the Operator and the

impact of such organizational changes on the Mining Opera

tion

The Local Impact Committee at its discretion shall also

review discuss and inspect the site during reasonable time and

with reasonable notice hold public meetings and report findings

to the Participating Local Governments on the following

Any complaints or complaints received by the Operator or

Committee from citizens relative to the Mine and this

Agreement

Specific compliance by the Mine Operator with this Agree

ment and DNR regulations

Potential dangers imminent hazards Or public nuisances and

recommended actions to mitigate them

All other items that are pertinent to the Mine including

transportation to and from construction operation

maintenance closure and long-term care of the site

B- 22



Copies of the official minutes of all such meetings shall be

provided to the Operator within 10 days of meetings This

requirement shall not apply to the minutes of closed sessions

if any are held by the Committee which shall be subject to

release to the Operator in accord with Sec 19.35 Wis

Stats or when the need to maintain confidentiality no longer

exists

The expenses of the Local Impact Committee shall be paid by the

Operator and per diem for each member shall be $20.00 per

meeting plus verifiable travel expenses Such reimbursement of

Local Impact Committee costs by the Operator shall not exceed

$750.00 cap annually The per diem fee and reimbursement cap

shall be increased annually by four percent 4% commencing the

year after the Mine begins operations for not mpre than 20

years after the Mine ceases operations

The Operator agrees to on-site inspection of the Mine by the

Local Impact Committee and/or the Grant Town Board upon reason

able notice and representative of the Operator will accompany

the inspector at all times

17 LEACHATE STORAGE AND TREATMENT

During the life of the Active Mining operation and during any

period of Temporary Closure the Operator shall continue to

collect pump to its wastewater treatment facility and treat

all waters which come into contact with sulfide mineraflzation

which is of such characteristics so as to warrant treatment

pursuant to NR 132 The Operator shall not dispose of store or

treat outside the Mine site any Leachate that has been removed

from the Mine except Leachate treated pursuant to WPDES/NPDES

permit nor shall the Operator accept receive store or treat

at this Mine site any Leachate from any other mine Any drip

pings resulting from spraying Ore in rail cars to control dust

shall not be classified as Leachate for purposes of this sec

tion Ice snow and water from precipitation which may
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accumulate in rail cars during the course of loading and/or

shipping shall also be exempt from classification as Leachate

To facilitate collection and treatment of water which comes in

contact with potential sulfide mineralization and can produce

leachate that does not meet State standards the Operator agrees

that it shall store the waste rock which is temoved from the

Open Pit and contains sufficient sulfides that when leached by

rain water will produce discharge which is greater than the

State standards will allow on sites within the active mine

areas specifically prepared for such storage Said sites shall

be lined to prevent seepage into the water table from occurring

and shall be equipped with water collection pipes and equipment

into which the water shall be channeled for treatment through

the waste water treatment facility

18 EMERGENCY EQUIPMENT AND PLAN

The Operator shall maintain reliable communication system at

the Mine using radio and/or telephone so that contact can be

made with the providers of emergency services should the need

arise

The Operator will provide an emergency/security lighting system

at the Active Mine Area during the hours of darkness

The Operator shall prepare and issue to the Local Impact Commit

tee an Emergency Preparedness Plan prior to filing mining

permit application with the DNR Comments from the .Local Impact

Committee will be reviewed and incorporated if mutually agreed

upon

The plan submitted shall identify hazards peculiar to this Mine

such as steep slopes blasting and heavy equipment use and

additionally shall provide information to emergency responders

as to chemicals or other materials stored on premises which may

present particular fire fighting hazards In addition the plan
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shall detail how emergencies associated with hazards associated

with the Mine shall be dealt with by the Operator and shall

include special instructions to any local governments responsi

ble for administration of emergency responses With respect to

the emergency plan to be developed by the Operator reasonable

recommendations of the Participating Local Governments shall be

incorporated into the plan

19 SUCCESSION OF AGREEMENT

This Agreement shall be binding on all parties their heirs

successors or assigns until its termination by mutual consent of

the parties or at the expiration of the mining permit granted to

the Operator by the DNR pursuant to NR 132 Wis Adm Code

whichever first occurs This Agreement shall run with the land

and short form of this Agreement giving notice of this Agree
ment shall be recorded in the appropriate tract in the office of

the Register of Deeds All sections of this Agreement relating

to closure longterm care insurance sale or lease of the Mine

or its operation escrow funds renegotiation liability

guarantees and related matters shall survive the termination of

this Agreement for the period of years set forth therein If at

the termination of this Agreement the Operator seeks to continue

Mining at this location the Operator shall in addition to all

other requirements imposed by law regulation and ordinance

agree to enter in negotiations on anew agreement with the

Participating Local Governments Owner may assign this Agree

ment without the consent of the Participating Local Governments

to related company of Operator related company shall be

subsidiary or parent company of Operator or sister company of

Operator having the same ultimate parent company as Operators

parent company The Operator may alo assign this Agreement to

third party other than related company subject only to

submission to the Participating Local Governments of proof of

the proposed assignees financial capacity to assume all of the

Operators obligations hereunder At minimum the assignee

shall demonstrate compliance with Sec 144.87 Wis
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Stats Upon presentation of proof of financial capability the

Participating Local Governments shall not unreasonably withhold

consent to assignment

20 CLOSING PLAN

The Operator of the Mine prior to commencing operation shall

file with the Local Impact Committee copy of closing plan

for the Mine The plan at minimum shall contain detailed

finish grade plan and landscape planting plan with types of

vegetation indicated In addition the Operator shall provide

plan for future disposition of the land These plans may be the

same as those submitted to DNR

After completion of the present planned Mine Operation

Kennecott will consider several options for disposition of

Kennecottowned property and facilities in Rusk County such as

continuing to maintain ownership leasing portions to the

Participating Local Governments for use as an Industrial Park

or selling the property and facilities Prior to the sale to

third parties of any property owned by ennecott in Rusk County

at this time or the sala to third parties of any Kennecott

owned facilities or structures required for the Mine Operation

the Participating Local Governments will given the first

right of refusal based on the highest bid received This

excludes the internal transfer or assignment of property or

facilities to related company of Kennecott which related

company shall include parent company subsidiary company of

Kennecott or parent or company having common parent with

Kennecott In the event of an internal transfer the assignee

will assume the obligations of the assignor

The Participating Local Governments either jointly or indivi

dually will be given the first option or right of first refusal

to match bonafide offer to purchase the industrial site

situated in the Active Mine Area provided that in the Opera

tors sole opinion the separate sale of any portion thereof does
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not adversely affect the sale or value of other property owned

by the Operator Said individual site shall include but not be

limited by reference thereto the following

An area of land whose approximate dimensions are

Commencing at the Northwest corner of the intersection

of Jensen Road and S.T.H 27 thence Northerly 1000

feet thence Westerly 1500 feet thence Southerly 1000

feet thence Easterly 1500 feet to the point of

beginning including the Operators water treatment

facility crushing and ore loading facilities and

administration center among other structures but not

including any portion of the Open Pit Nine or waste

rock storage area

The building formerly known as the Haulers

Building plus adjacent land five hundred 500 feet

to its North South and West and East to the

right-of-way of S.T.H 27

The building formerly known as the Grow Cheese

Factory plus adjacent land of the Operator

sufficient in the area to meet minimal require

ments for industrial use under the Rusk County

Zoning Code

In addition the industrial site shall also

include the railway Spur Line connecting the

Active Mine Area with the main line of the

Wisconsin Central Ltd

Prior to the sale or dismantling of any quipment or facilities

on the mine site the Participating Local Governments either

jointly or individually will be given the first option or right

of first refusal to match bonafide offer to purchase any or

all of the equipment and facilities provided that in
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Kennecotts sole opinion the separate sale of specific item

does not adversely affect the sale or value of other items The

equipment and facilities include such items as the fencing

pumps water treatment facilities crushing equipment electri

cal equipment piping building temporary and permanent the

rail spur and the railroad right of way east of S.T.H 27

In the event Kennecott sells any property equipment or facil

ities to another mining company Kennecott will transfer the

Participating Local Governments option or right of first

refusal as part of the sale If the property is not to be used

again for mining Kennecott will use reasonable efforts to help

the Participating Local Governments in finding purchaser for

the property

Prior to the sale of the industrial site at the N.W corner of

the intersection of S.T.H 27 and Jensen Road if extended

westerly to the Flambeau River or the sale or dismantling of

any equipment or facilities identified above the Participating

Local Governments either jointly or individually shall be given

the first option or right of refusal to lease the industrial

site and some or all of the equipment and facilities The lease

agreement will state that the users of the property will not

r2sjst delay or interfere with any future mining operation on

property presently owned by Kennecott in Rusk County will not

file any complaints against Kennecott or successors who may buy

the property with respect to development or operation of any

mine facility on Kennecotts property will vacate the premises

upon ninety 90 days written notice to be exercised at the

Operators sole discretion whether at or before the end of an

express term of occupancy and that its operations on premises

shall be such that it is capable of physically vacating the

premises within such period and will carry full liability

insurance in an amount sufficient to satisfy Kennecott If

Kennecott elects to sell the industrial site along with other
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property owned by Kennecott Kennecott will use its best efforts

to provide the Participating Local Government or Governments who

are leasing the property and/or equipment an opportunity to meet

with the potential buyers to discuss for period not exceeding

30 days any arrangement between the potential buyer and the

Participating Local Government or Governments which would not

affect the sale but could be satisfactory to the Government or

Governments

The Operator agrees to donate to the Participating Local Govern

ments subsequent to the reclamation of the site of the Mining

Operation controlled by this Agreement that parcel which it

owns East of the main line of the Wisconsin Central Ltd South

of Doughty Road and North of Jensen Road provided the Partic

ipating Local Governments agree that the users of the property

will not resist or delay further development of the Flambeau Ore

deposit and will not file any complaints against Kennecott or

subsequent mining companies with respect to development or

operation of mining project because of the proximity use or

impact of the further development to the said parcel

The Operator further agrees to lease to the Participating Local

Governments the following parcels which it owns for $1.00 and

other consideration

parcel on the North side of the former Sisters

Farm lying West of the Flambeau River for use

and development as an outdoor recreation area

River Frontage adjacent to the end of Blackberry

Lane at the Flambeau River for park purposes

The lease agreement will include the provisions identified above for

the leasing of the industrial site

The Operator although recognizing the positive economic and social

impacts which its Mine will make upon the conununity and the citizens
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represented by the Participating Local Governments agrees to duly

consider the potential of donating other real estate from its hold

ings adjacent to the Active Mine Area to one or more of the

Participating Local Governments or in other ways of benefiting the

community The Operator in its sole discretion agrees to contem

plate these potentials for the purpose of promoting after cessation

of Mining Operations the interests of the community in which the

contemplated mine will be situated

Except as provided in this Agreement any party their succes

sors and assigns who acquires allor portion of the Kennecott

property and facilities located in Rusk County shall not be

permitted to use the property and facilities in manner incon

sistent with Kennecotts obligations pursuant to this Agreement

and all applicable Federal State and local laws and such party

will not oppose Kennecotts sale of remaining properties and

facilities and such party shall assume responsibility for the

following obligations environmental all obligations

rezulting from the use of the property and facilities subsequent

to the transfer of the property and facilities from Kennecott to

such third parties and damage or injury to Kennecott caused

by such third parties who have acquired the property and facil

ities in the event such third parties interfere with or adverse

ly affect Kennecotts closing plan facilities Such acquiring

parties will per-mit Kennecott upon reasonable notice to have

full access to the property and facilities to facilitate

Kennecotts compliance with its obligations pursuant to this

Agreement and all applicable Federal State and local law

It is further understood that the reference in the paragraph

immediately above to environmental responsibility shall be

limited to the liability of successor in interest for environ

mental damage which occurs from and after the date of its

assumption of ownership and use as result of said successors

use of specified portion of the Operators property It shall
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not be interpreted as transferring or assigning to such trans

feree any of the Operators environmental obligations under this

Agreement or under Federal or State laws or regulations

pertaining to the Operators Mining Operation closure of the

mine or reclamation of the Active Mining Area

21 MUNICIPAL NEGOTIATION AND RELATED PROFESSIONAL EXPENSES

The Operator shall reimburse the Participating Local Governments

for municipal costs and expenses incurred by them during nego
tiations or as result of the Operators intent to locate

Mine in the Town regardless of whether the Mine actually is con

structed or operated While these funds may be used to hire

professionals to assist in the negotiation process the funds

shall not be used to encourage devise initiate continue or

otherwise pursue legislation rulemaking or litigation to

prohibit the project The costs and expenses to be defrayed

shall be limited to tie sum of $60000.00 to cover such legal

engineering per diem and related expenses as have already been

incurred as of the date of this Agreement or are anticipated to

be incurred by the municipalities The Applicant shall provide

this sum in equal portions to the Participating Local Govern

me.ts within thirty 30 days of the date of executing of this

Agreement by all parties

22 MUNICIPAL LIABILITY

The Operator agrees to indemnify and hold harmless the Partic

ipating Local Governments their officers agents or employees

from any and all liability loss or damage the Participating

Local Governments or their officers agents or employees may

suffer as result of any claims demands costs or judgments

against them arising in any way from negotiation of this Agree

ment or from actions brought against the Participating Local

Governments from pesons suffering injury or property damage as

result of the transportation to the Active Mine Area and from

the Active Mine Area by the Owner or Operator or the agents or

contractors of either construction operation maintenance
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closure and long-term care of the Nine provided however such

liability loss or damage was not caused by the negligent or

willful or wanton misconduct of the Participating Local

Governments or their Town Officials or agents or employees

This Agreement to indemnify shall be for period of 25 years
The Operator also agrees to support defend and/or reimburse the

Participating Local Governments for seventyfive percent 75%
of their respective reasonable legal expenses with regard to the

above mentioned actions provided however such proceeding is

not brought by any person or group of which any Participating

Local Governments Town Official or Member of the Local Impact

Committee or person negotiating this Agreement on behalf of the

City Town or County is member or has given financial or

legislative support of any kind to such person or group

23 OPERATOR RESPONSIBILITY DURING OPERATION AND AFTER CLOSURE OF

THE MINE

To evidence its commitment to longterm care of the Mine as

required under the Wisconsin Administrative Code including

subsequent amendments thereto the Operator shall provide the

Participating Local Governments with the following docurnenta

tion

After issuance of the niining permit by the DNR but prior

to commencing mining certification to the Participating

Local Governments that bond payable to the DNR in the

amount required under NR 132 or other appropriate security

as required by NR 132 has been secured

Thereafter the Operator shall annually certify to the

Participating Local Governments that it is in compliance

with NR 132 including any amendments thereto

The Operator further agrees not to seek an exemption from NR

132.133 or and.to maintain the bond or other security in

accordance with NR 132.133 and for thirty 30 years

after closure which period shall commence 90 days aftar comple

tion of the backfilling of the Mine unless the Committee

B-32



receives copy of the request to be exempted and concurs in

writing with DNR conclusion to grant exemption Such concur

rence shall not be unreasonably withheld

24 RENEGOTIATION

At any time after the DNR grants of mining permit under NR132

Wis Adm Code to the Operator the Participating Local Govern

ments or Kennecott may cause this Agreement to be opened for

renegotiation by serving petition upon the other party alleg

ing the existence of one of the following conditions provided

that said petition or petitions are based upon findings made by

or statements contained within correspondence to or from persons

possessing the professional expertise to make such findings or

statements including but not limited to attorneys engineers

arid hydrogeologists

feasibility study or any engineering or financial report

disclosing any significant adverse environmental or econom

ic impact not contemplated at the time of negotiation of

this Agreement which has the potential to cause significant

damages to the environment and/or expand significantly the

financial burdens of any of the Participating Local Govern

ments

Expansion of more than ten percent 10% of the area

disturbed by the Operation in the Active Mine Area by the

Operator or the intention by the Operator to expand the

site beyond the particular design described herein or the

acquisition whether by purchase or gift by the Operator

of significant amount of additional real property or

interest in additional real property adjoining the real

property acknowledged by the parties to be the site of the

Mine at the time of execution of the Agreement

The Participating Local Govern.ments reserve the further

right not to be limited by or to be construed as falling
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under subparagraph above to invoke their rights under

NR 132 Wis Adm Code and Sec 144.836 Wis Stats to

provide comments or evidence to the DNR in any hearing or

hearings on mining pertit application in the event all of

the following conditions occur

There is substantial change in any of the environ

mental or financial premises listed in Exhibit upon

which the Agreement is based

The change will have significant adverse effect on

the Participating Local Governments or their residents

or reduce the Operators requirement to protect the

environment below the requirements of federal and

state statutes and regulations

The change is made between the time of execution of

this Agreement and the DNR grant to the Operator of

mining permit under NR 132 Wis Adm Code

if the above conditions all occur the Participating Local

3vernments will also have the right to reopen specific

affected provisions of this Agreement with the exception

of Paragraphs 27 and 31 for purposes of addressing such

significant adverse effects This right to reopen specific

affect3d provisions of this Agreement with the exception

of Paragraphs 27 and 31 may also be invoked by the Partic

ipating Local Governments in the event that subsequent to

execution the Operator seeks to procure waiver from or

variance from any Wisconsin Administrative Code provision

other than those identified in Exhibit which variance

requests are acknowledged by these Participating Local

Governments as having been made known to them prior to

execution of his Agreement and as to which they have no

objection This right is reserved relative to variances

pertaining to construction operation and closure of the
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Mine and only if such waiver or variance has an adverse

effect on the local community or reduce the Operators

requirement to protect the environment As is set forth

with respect to renegotiation of the Agreement under

subparagraph above the Agreement reopening process

shall be based solely upon findings made by or statements

contained within correspondence to or from persons possess

ing the professional expertise to make such findings or

statements including but not limited to attorneys engi

neers and hydrogeologists In the event that the Partic

ipating Local Governments seek to invoke the rights set

forth herein prior written notice of the specific provi

sions as to which Agreement reopening is demanded or

alternatively with respect to additional variance or

waiver requests beyond those specified in Exhibit upon

notice thereof from the Operator prior notice as to the

refusal to agree to said further waivers or variances

beyond those expressed in Exhibit and/cr to the amount

and time period of the performance bond shall be communi

cated to the Operator In the event that reopening is

demanded it shall be with reference to specific clauses of

the Agreement only All rights obligations an respcnsi

bilities of the Operator and Participating Local Govern

ments not affected by said clauses shall continue in full

force and effect

If at any time the Mine ceases operations for longer than

six months which cessation is not caused by labor dis

pute economic shutdown or force majeure

In the event that uranium or thorium or either of them

are discovered within the Mine site at levels above natural

background which would render them to be merchantable and

subject to possible mining by the Operator
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For the purposes of implementing this sub-paragraph the Opera
tor shall notify the Participating Local Governments upon its

acquisition of information or formulation of an intent either

of which falls within the categories at to above

Within thirty 30 days of receiving documented invoices after

entering into renegotiation of this Agreement the Operator

shall reimburse the Participating Local Governments for seventy-

five 75% percent of justifiable municipal costs and expenses

incurred as result of such renegotiations Said costs and

expenses may include but are not limited to attorney and

consulting fees per diem costs of municipal officials and

employees and per diem costs of the Committee Such reim

bursements shall not exceed the cap of $5000.00 unless another

amount is specified within any renegotiated agreement During

any renegotiation proceedings initiated under subsection

above and until the same are concluded any item of the Agree

ment which qualifies under subsection above is subject to

renegotiation

25 GRIEVANCES

The Operator shall respond in writing within thirty 30 days

to any written grievance filed by Participating Local Govern

ments officials relative to the operation including during

the initial construction phase

26 ADDITIONAL INFORMATION

Before any operational plans for the proposed Mine are filed

with the DNR the Applicant shall provide the Local Participat

ing Governments with the following information which may be the

same asthat provided DNR

The names business addresses and telephone numbers of the

corporation and its corporate officers including the name

of its parent corporation
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The names addresses and telephone numbers of the legal

agents for the corporations in above

The business address and telephone number of the corporate

office most directly involved with this proposed Mine

Description of proposed site ownership

Status of any other Rusk County mine sites under construc

tion by the Applicant and locational information about

them

Reference from corpcrat bond counsel if available

Description of any civil criminal violations the Applicant

has had within this State with DNR or other state or local

agencies or government

Name of the responsible corporate officer for this proposed

site and names of attorneys and negotiators for the

Operator including their business addresses and telephone

numbers

Types of Ores which will be removed from the proposed Mine

Estimated amount of Ore in tonnage

27 CONDITIONAL USE PERMIT

This Agreerrent is contingent upon and the parties obligations

hereunder will not commence until the occurrence of the acts or

events set forth in and below and is further

subject to the understandings set forth in and below

The issuance of conditional use permit for the Mine as

provided in Attachment
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All Participating Local Governments providing adequate

proof to the DNR in the form necessary to satisfy the

Wisconsin Statutes and Administrative Regulations that the

proposed Mine has all necessary local approvals from the

Participating Local Governments

That portion of the Comprehensive Zoning Code known as the

Rusk County Mineral Mining Code Secs 6.3 to 6.11 inclu

sive shall not be applicable to the Active Mine Area

Mine Mine Operation and Railway Spur Line

The County Shoreland-Wetland overlay zoning district is not

applicable to the Active Mine Area Mine Mine Operation

and Railway Spur Line

The zoning of the Active Mine Area and Railway Spur Line

shall be under the Ii industrial classification in the

County Comprehensive Zoning Code

representation shall be made by counsel for the Town of

Grant that in his opinion certain moratorium against

mining adopted at the annual town meeting held on April 13

1982 and that certain moratorium against mining adopted at

the annual town meeting on April 12 1988 as pertaining to

the Mine which is the subject of this Agreement are void

and unenforceable

The above activities shall be provided in accordance and consis

tent with all applicable statutory provisions

28 LIMITATIONS ON OTHER CONTRACTS MADE BY THEAPPLICANT/OPERATOR

To minimize concerns of Participating Local Governments about

future operational or organizational changes the Applicant

Operator agrees that
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This Agreement may not be assumed by third party unless

such third party is financially capable and assumes all of

the obligations of Owner hereunder

The Owner may not transfer responsibility of ownership

possession or operation of the Mine to third party unless

the third party is financially capable and assumes all of

the obligations of Owner hereunder

29 ENFORCEABILITY OF THIS AGREEMENT IN THE EVENT THAT THE MINE IS

NOT LICENSED

If for whatever reason license is not granted by DNR to the

Operator its successors or assigns to operate the proposed

Mine sections 21 and 22 only shall be enforceable against the

Operator and all other items shall become null and void

30 RUSK COUNTY MINING IMPACT FUND

Each of the Participating Local Governments shall in each

year the Mine is in operation apply for and retain all

amounts to which each is entitled under Sec 70.395 Wis

Stats

Annually beginning with the year in which Mine Operation

commences and continuing during each calendar year of the

Mine Operation the Operator shall pay to each of the

Participating Local Governments whether each actually

receives net proceeds first dollar tax shares under Sec

70.395 and Wis Stats or not the differ

ence if the amount each Participating Local Government is

entitled to receive for their use under Secs 70.395

and Wis Stats is less than $100000 adjusted

for inflation under Sec 70.3756 Wis.Stats in propor

tion to the number of tons of Ore shipped in the calendar

year in question versus 300000 tons In the event

however that the Operator ships more or less than 300000

tons in the calendar year in question it shall pay to the
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Participating Local Governments $100000 plus the infla

tion factor under Sec 70.3756 Wis Stats multiplied

times ratio whose numerator shall be the number of tons

actually shipped and whose denominator shall be 300000
less their first dollar payment entitlement plus inflation

factor for that calendar year This annualized payment

shall be subject to the minimum operations gross payment

required under below However the Operator will not

pay any portion of the difference which results from tax

credits the Operator receives from payment of any new

preoperations tax payments which are required by new tax

laws For the purpose of this paragraph it is assumed

that the Operator will invoke its right to annex at least

15% of the mineable Ore body to the City of Ladysmith thus

making the City eligible for receit of first dollar

payments under Sec 70.395 Wis Stats

It is the Operators intention to provide to the Partic

ipating Local Governments minimum gross payment which

shall consist of the first dollar payments adjusted for

inflation under Sec 70.375 Wis Stats which each is

actually entitled to receive pursuant to Sec 70.395

and Wis Stats to the extent that tax monies

are actually generated from the net proceeds tax in

sufficient amounts so as to cause the specified first

dollar payments or portions thereof to be made to the

Participating Local Governments and additional payments

to be provided directly by the Operator to them resulting

in minimum gross payment by the Operator to the Partic

ipating Local Governments over the operating life of the

Mine in the amount of $1500000.00 adjusted for inflation

in accord with Sec 70.375 Wis Stats 198586

provided no actions are taken by the State of Wisconsin or

the Participating Local Governments which prevent the

Operator from Mining the Ore Body This cumulative payment

shall be in addition to and not in lieu of any other tax
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shares which each of or any one of the Participating Local

Governments may receive pursuant to Sec 70.395

lm or or or Wis Stats except as otherwise

provided herein at below Thi cumulative payment over

the operating life of the Mine shall constitute minimum

guarantee of first dollar payments only under Sec 70.395

and Wis Stats In addition said cumula

tive payment shall be made by the Operator to the Partic

ipating Local Governments whether or not one or more of

them is ineligible to receive first dollar payments under

Secs 70.375 to 70.395 Wis Stats and whether or not

said statutory sections and the Wisconsin net proceeds tax

on mineral extraction whether in its present form or as

amended remain law throughout the operating life of this

Mine

Commencing with the first full calendar year of Mine

Operation and continuing for not less than four years

or until the last full calendar year of Mine Operation

whichever is later the Operator shall guarantee to Rusk

County payment of up to its maximum entitlement to tax

proceeds under Sec 70.3952 dlm Wis Stats should

the actual tax proceeds entitled by the County from the

State of Wisconsin thereunder be less than the maximum

entitlement of the County in any aor all of those years

This guarantee shall be conditioned upon and subject to the

following qualifications

For each calendar year subject hereto the

guarantee payment shall be based upon the average yearly

Comex price of copper for the year inquestion In accord

with the following chart depending upon the average Comex

copper price should the County be entitled from the State

an amount less than its maximum entitlement of $250000.00

the Operator shall guarantee payment to the County in the
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amount of $250000.00 multiplied by the percentage listed

opposite the copper price in question as modified by the

terms of and below

The annual guarantee as conditioned under

above shall be subject to the following multiplier the sum

arrived at under shall be multiplied times ratio

whose numerator shall be the actual number of tons of Ore

shipped from the Mine in the calendar year in question and

whose denominator shall be 300000 tons or Ore

From the net sum arrived at upon application of

and above there shall be deducted the actual

amount of tax collections the County is entitled to receive

from the State of Wisconsin under Sec 70.3952dlm
Wis Stats for the calendar year in question The

resulting sum subject to shall be paid directly from

the Operator to the County

The guaranteed payments determined under this

paragraph shall be further adjusted for inflation in accord

with Sec 70.3756 Wis Stats

COMEX COPPER PRICE

Cents per pound of copper Percentage

Less than 65

65 but less than 70 20

70 but less than 75 40

75 but less than 80 60

80 but less than 85 80

85 or greater 100
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The Operator further agrees that pursuant to Sec 70.3952 d5c
Wis Stats the Operator will make one-time only construction

period payment and pursuant to Sec 70.3952dg Wis Stats the

Operator will deduct the gross amount of said construction period

payment from its tax liability under Sec 70.395 Wis Stats for

other than the maximum amount of first dollar payments The Operator

will use its best efforts to distribute such tax credits to minimize

the impact on the taxes the County is entitled to receive under

70.3952 dlm Wis Stats

The Operator in its capacity as owner of the real proper

ty in which the Mine is situated shall exercise the right

granted at Sec 66.021 Wis Stats to petition to annex

the following described property to the City of Ladysmith

parcel of land located in Sections and 10 Township 34

North Range West Rusk County Wisconsin described as

follows

Commencing at the northeast corner of the Southeast Quarter

of the Northeast Quarter SE-NE of said Section 10 also

being the point of beginning of this description thence

westerly along the sixteenth line to the West right-of-way

line of the Wisconsin Central Railroad Ltd thence

southerly along said west rightofway line to point

approximately 1250 feet North of the south line of said

Section 10 said point also being North 40500 feet as

based upon the Flam.beau Mining Corp mine coordinate

system thence West assumed bearing 900 feet along the

mine grid line of North 40500 feet thence South 300 feet

thence West 400 feet thence North 300 feet to the mine

grid line of North 40500 feet thence West to point

approximately 1380 feet North of the south line of said

Section and 1300 feet West of the east line of said
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Section said point being more particularly described as

North 40500 feet and East 40100 feet mine coordinates

thence South 45 West approximately 980 feet to Section 404

of the Flambeau Mining Corp Baseline thence approximately

North 450 West 860 feet along Section 404 of said Baseline

thence South 45 West 600 feet to the center of the

Flambeau River thence South 45 East approximately 800

feet to point said point being more particularly defined

as North 39500 feet and East 39000 feet mine coordi

nates thence East approximately 500 feet to point said

point being more particularly defined as North 39500 feet

and East 39500 feet mine coordinates thence

approximately North 45 East 425 feet to point said

point being more particularly described as North 39800

feet and East 39800 feet mine coordinates thence East

625 feet to point said point being more particularly

described as North 39800 feet and East 40425 feet mine

coordinates thence South 300 feet to point approximately

380 feet north of the south line of said Section and

approximately 1050 feet West of the east line of said

Section said point being more particularly described as

North 39500 feet and East 40425 feet mine coordinates

thence East to the east line of said Section 10 said

course being more particularly described as East along grid

line North 39500 feet mine coordinates thence North

along the east line of said Section 10 to the point of

beginning

The purpose of this requirement shall be to enable the City

of Ladysmith to be deemed eligible for first dollar pay
ments under Sec 70.395 Wis Stats said

property description is presumed to contain at least

fifteen 15 percent of the mineable Ore body which is

the subject of this Agreement Should the description not

contain 15% of the mineable Ore body it shall be the sole
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responsibility of the Operator to prepare legal descrip
tion of real estate which contains that minimum for

purposes of annexation to the City

For the purpose of applying above as concerning the

attribution of the inflation factor against the minimum

gross payment due to the Participating LOcal Governments

the following shall control In given calendar year the

base payment defined as $100000 multiplied by the number

of local governments who are considered Local Participating

Governments with respect to paragraphs and of this

section 30 in proportion to the number of tons of Ore

shipped in the calendar year in question versus 300000

tons hereinafter base payment shall have added to it

the indexed amount calculated under Sec 70.375 Wis

Stats For each calendar year in which base payment is

made the appropriate indexed amount shall be added there

to When the base payments made equal $1500000.00 the

Operator shall have satisfied its obligation hereunder

In addition to the above described payments from the

Operator to the Participating Local Governments in the

event that the Operator fails to exercise its right at all

or prior to the commencement of Ore extraction as to

annexation of land to the City of Ladysmith for the

purposes of application of paragraphs and

the City of Ladysmith shall be considered to be Partic

ipating Local Government and the minimum gross payment

called for at Paragraph shall not be reduced due to the

Citys ineligibility to receive first dollar payments under

Sec 70.395 Wis Stats However the City of

Ladysmith shall not be considered Participating Local

Government with respect to paragraphs and of

this Section 30 if the City does not approve an annexation

requested by the Operator which includes at least 15% of

the Mineral Ore Body If the City of Ladysmith is not
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considered Participating Local Government with respect to

paragraphs and of this section 30 the minimum

gross payment of $1500000 referred to in paragraphs

and will be reduced to $1000000.00

The Participating Local Governments may at their sole

discretion waive all or any portion of the payments to

such Participating Local Governments which payments are

required hereunder if they determine that presently

unanticipated benefits of mining will provide offsetting

longterm benefits to their respective Participating Local

Governments

Funds received under this paragraph 30 shall not be used

to devise initiate continue or otherwise pursue legisla

tion rulemaking or litigation to suspend Mining Opera

tions

It is further understood and agreed upon that as to pay
ments called for under this Agreement which are in addition

to and beyond those payments received by the Participating

Local Governments through and under the net proceeds tax

under Secs 70.375 to 70.395 Wis Stats the said addi

tional payments may be used by each Participating Local

Government Unit in any governmental or proprietary manner

which it may legislate and shall not be limited to Mining

related purposes

The Operator will use all reasonable efforts to support the

Participating Local Governments to cause change to Sec

70.395 lm and Sec No 70.396 Wis Stats to

eliminate the requirement that the County use amounts

received from the Net Proceeds Taxes for Mine related

purposes or enable it and/or the City or Town to develop

sinking funds from which to meet unanticipated local costs

associated with the operation and closure of the Mine In
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addition the Operator will use all reasonable efforts to

support the Participating Local Governments efforts to

receive the full share of the net proceeds first dollar

taxes which they are entitled to under Sec 70.3952
and Wis Stats and will contribute 50% of the reason

able legal fees associated with such an effort up to

maximtim of $25000.00

In the event that during the Mine Operation phase the

Operator for reasons unrelated to this Agreement avails

itself of its ability to submit petition for annexation

or if its land is subject to petition of third party

for annexation to the City of Ladysmith which petition is

adopted by the said City and as result of which annexa

tion less than 15% of the mineable Ore body remains in the

Town of Grant the Operator despite said Towns ineli

gibility to continue receipt of first dollar payments under

Sec 70.395 Wis Stats shall continue to

treat the Town as Participating Local Government and the

annual payment and minimum gross payment called for at

paragraph and shall not be reduced due to the Towns

ineligibility to receive first dollar tax proceeds

in The guarantees expressed in this section shall be binding

against the Operator provided-however that no actions

shall be taken by the State of Wisconsin or the Participat

ing Local Governments which will prevent the Operator from

mining the Ore body and shipping Ore from it In the event

of such action during the pendency of the halt to the

Mining and shipping of Ore if it is temporary in nature

or if permanent from and after its.inception the guaran

tees shall be ineffective and not binding upon the

Operator As to Ore shipments made before and/or after

such halt all responsibilities of the Operator under

this section shall be met by it
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Wherever in and above the words entitl

ed or entitlement are used with reference to condi

tioning of the Operators guarantee of first-dollar pay
ments it is understood and agreed upon between the parties

hereto that said words refer solely to circumstances in

which either the State of Wisconsin or its local impact

board refuse in given year to appropriate to one or

more of the Participating Local Governments all or part of

their firstdollar payment entitlements under Sec

70.3951 d1 and and Wis Stats for

failure of the local government in question to have used

past firstdollar payments in manner consistent with law

or where Participating Local Governments have been required

to return previously appropriated first-dollar payments to

the State of Wisconsin Only under these express circum

stances shall the Operators minimum gross payment guaran

tee be reduced and then only to the extent of the deficien

cy in entitled firstdollar payments received or retained

in accord with Sec 70.3951a2d1 and and

Wis Stats which deficiency is caused by the non

appropriation of or return to the State of first-dollar

payments by the Participating Local Governments in ques

tion

It is the further understanding and agreement of the

parties hereto that Sec 70.3951 Wis Stats calls for

the payment of net revenue taxes collected by the Depart

ment of Administration to the extent of the first-dollar

payments or 60 percent of the total tax collected which

ever is greater into the investment and local impact fund

from which in turn the Department of Administration upon

certification of eligibility shall distribute firstdollar

payment monies to the Participating Local Governments under

Sec 70.3952d1 and Wis Stats adjusted for

inflation under Sec 70.3951c Wis Stats as modified
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by Sec 70.3952 Wis Stats Thus should the Opera
tor pay in any given year of operation less than the

amount required to fully fund the maximum legal levels of

participation by each of the Participating Local Govern

ntents in firstdollar payments as determined with refer

ence to Sec 70.3951 Wis Stats the minimum gross

payment over the operating life of the Mine shall not be

reduced

If upon the conclusion of the shipping of Ore from the

Mine the total of the annual base payments are less than

$1500000.00 which is the required minimum gross payment

under above the Operator shall within three

months next following the final yearly base payment which

consist of the underlying firstdollar payment and the

Operators guarantee payment pay to the Participating

Local Governments the difference between $1500000.00 and

the total of the annual base payments made Added to this

payment shall be the inflation factor in accord with Sec

70.3756 Wis Stats

31 LOCAL GOVERNMENTS WILL NOT OPPOSE THE MINE

Except as provided herein the Participating Local Governments

and parties negotiating this Agreement agree not to oppose the

Mine or to take any action which would serve to unreasonably

delay the construction of the Mine The Participating Local

Governments also agree to take all action necessary to assure

that the Applicant is able to obtain all approvals permits

licenses and moratorium removals which may be necessary to

assure that the Mine can be constructed and is able to commence

operation

The local permits approvals and licenses herein above referred

to are expressly identified as follows The conditional

land use permit to be issued by Rusk County pursuant to its

authority under Sec 59.97 Wis Stats Building permits
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consistent with applicable state and local regulations as may be

required for the erection for structures Sanitary permits

under state and local regulations as may be required

Ratification by the Town of Grant in accord with Sec 59.97

Wis Stats of that change in zoning district bound

aries incorporated by reference in the conditional use permit

set forth at above In the event of annexation of

part of the real properties subject to this Agreement to the

City of Ladysmith ratification by the said City of the terms of

the conditional use permit as governing its zoning control of

the Operators land use thereupon

The moratoriums are certain moratoriums against Mining adopted

at the annual town meetings held on April 13 1982 and April 12
1988 as pertaining to the Mine which is the subject of this

Agreement Counsel for the Town of Grant represents that it is

not necessary to remove these moratoriums as these certain

moratoriums are void and unenforceable

As to the permits which may be required under subclause and

above upon compliance of the Operator with state and local

regulations both of procedural and substantive nature the

requisite permits shall be granted by the Participating Local

Government in control of the same

This affirmation shall include any and all local permits

approvals licenses and moratoriums necessary for operation of

the Mine but shall not include any state or federal permits

raquired to be obtained by the Operator in connection with the

Mine It shall be the Operators sole responsibility to ascer

tain the need for and to apply for and procure any such permits

32 INAPPLICABILITY OF RUSE COUNTY MINERAL MINING CODE

That portion of the Comprehensive Zoning Code known as the

0Rusk County Mineral Mining Code which consists of
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Sections 6.3 to 6.11 inclusive of the Comprehensive Zoning

Code shall not be applicable to the Active Mine Area Mine

Mine Operation and railroad spur

The County Shoreland-Wetland overlay zoning district is not

applicable to the Active Mining Area Mine Mine Operation

and railroad spur

Zoning of the Active Mine area and areas encompassing the

railroad spur shall be Ii

33 DEFAULTS

In the event either party is in default in the observance or

performance of any of the covenants or obligations contained in

this Agreement the nondefaulting party nay give the defaulting

party written notice of the default specifying the details of

the same The defaulting party shall have two weeks to remedy

any default in payment of monies or reasonable time of not

less than two months within which to remedy any other default

described herein or to commence action in good faith to remedy

such default Unless the defaulting party shall so comply the

nondefaulting party may pursue any remedy it may have in equity

or at law If the nondefaulting party obtains judicial

determination that this Agreement should otherwise be terminated

because of such default the defaulting party shall have

reasonable time of not less than two months after such deter

mination within which to remedy such default or to commence

action in good faith to remedy such default before any such

termination may be declared

34 ABILITY OF PARTICIPATING LOCAL GOVERNMENTS TO PARTICIPATE IN

NR132 HEARING PROCESS

Nothing in this Agreement shall be interpreted as restricting or

prohibiting the Participating Local Governments from participat

ing in the DNR permit granting process with respect to this
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proposal to mine providing in the course of such participa

tion input or evidence to be considered by the DNR in its

review and permitting process under NR132 Wis Adm Code The

sole restriction imposed hereunder upon the Participating Local

Governments should they chose to so participate is that they

shall not in the course thereof renounce repudiate or reopen

this Agreement or any other permits and local approvals granted

by them hereunder except as such right or option nay be made

available to them under Section 24

35 DISPUTES

The parties will use their best efforts to resolve disputes

arising over the interpretation of this Agreement In the event

of such disputes the party noting the dispute shall give the

other party written notice of such dispute Upon receipt of

such written notice the party receiving the notice shall have

thirty 30 days to respond in writing to the original party

Thereafter the parties shall meet together in good faith and

use their best efforts to resolve the dispute in question

Either party may at its sole expense invite third parties

including technical consultants and others to comment upon the

dispute and the other party shall give due consideration to such

comments If the parties have not resolved the dispute within

ninety 90 days of the date of the first written notice of the

dispute or by later date if agreed upon by the parties

either party may pursue any remedy it may have in equity or in

law

36 INVALIDATION

Invalidation of any item of this Agreement by court except

paragraphs 27 31 and 32 shall not invalidate the remainder of

this Agreement Invalidation of either paragraphs 27 31 or 32

shall invalidate the entire Agreement except paragraphs 21 and

22
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37 LAW

This Agreement shall be interpreted under the laws of the State

of Wisconsin

38 NOTICES

Unless otherwise dictated within this Agreement either express

ly or by reasonable implication and unless otherwise dictated

pursuant to state or federal laws rules or regulations govern

ing the instant Mining Project notices required or deemed

appropriate under the terms of this Agreement shall be provided

in writing and served personally or by mail upon the following

designated representatives of the parties hereto

Upon Kennecott Explorations Australia Ltd at 1515

Mineral Square Salt Lake City Utah 84112 Attention

Project Manager Flarrtheau

With copy to

Kennecott 10 East South Temple Street Salt Lake City

Utah 84133 Attention Assistant Chief Counsel

Upon Local Impact Committee to the Chairman thereof

Upon Rusk County to the Chairman pf the Board of Supervi

sors at the Rusk County Court House Ladysmith Wisconsin

54848

Upon the Town of Grant to the Chairman of the Town Board

Upon the City of Ladysmith to theClerk-Administrator at

Ladysmith City Hall Ladysmith Wisconsin 54848

It shall be the responsibility of each of the Participating

Local Governments to promptly advise the Operator of the names

and addresses of their designated representatives as changes in
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said positions occur from time to time Prompt notice of

change in its designated representative or representatives shall

be given by the Operator to each of the Participating Local

Governments and the Local Impact Committee as well

39 MODIFICATIONS

There shall be no modifications to this Agreement except those

which are mutually agreed to by all of the parties hereto in

which are reduced to writing and executed with the same forinali

ty as this Agreement

40 TITLES ARE ILLUSTRATIVE OF CONTENT ONLY

Titles to sections paragraphs and/or other subdivisions within

this Agreement are for illustrative purposes only and shall not

be construed as limiting or expanding the intent of the substan

tive language set forth thereunder

41 LEGAL AUTHORITY

This Agreement is entered into by the Participating Local

Governments in accord with the authurity granted to each such

unit pursuant to Secs 59.07 59.97 60.22 62.11 66.30

144.838 144.839 laws of 198788 Wis Stats

42 DATE

This Agreement is dated as of the ____ day of _______________
1988

RUSK COUNTY



CITY OF LADYSMITH

MASTER-j

KENNECOTT EXPLOTIONS AUSTLIA LTD

By
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EXHIBITS

Plot Plan showing the Active Mine Area

Legal description of the land where the Mine is located

Map showing location of groundwater monitoring wells

Map showing Area covered by Well Guarantee

Map showing Area covered by Property Guarantee

Premises Used as Basis For Agreement

Waivers and Variances approved by Local Impact Committee

Conditional Use Permit

Letter dated July 13 1988 from L.E MirØandoto W.G Thiel vith

attached Kennecott letter dated_July 12 1988 regarding Two Tier

Testing
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EXHIBIT

LEGAL DESCRIPTION OF THE LAND WHERE MINE IS LOCATED

FACILITIES ON LAND Mine appurtenant structures and

facilities but excluding the railroad

spur access roads and utility feed lines

LEGAL DESCRIPTION All that part of Section Township 34

North Range West Rusk County
Wisconsin lying East of the Flaznbeau
River and South of Blackberry Lane

LEGAL DESCRIPTION OF THE RAILROAD SPUR

This permit also authorizes construction and operation of an

approximately one mile long nilroad spur to be located in part
of Section 10 Township 34 North Range West Rusk County
Wisconsin lying west of the main line of the Wisconsin Central
Railroad Ltd as generally shown in the scale map of the site

plan Exhibit

It is understood by the County that until the DNR issues to the

permit holder its NR132 permit the legal description of the
railroad spur line will be tentative only It is possible that
the DNR may approve of an alternate right-ofway in which

instance without the need for further approval from the Zoning
Committee the official County zoning map shall be change to
reflect the relocated railway rightofway and its zmiing
district designated under Section of this permit

Kennecott is the legal and equitable owner of all of the above

mentioned land

B-58



565AJ5

W47E.P 74E 4EL

t2/P7/$AidDS722Yz

5N2

-J

If

5rD/MrAJT 7O-/
po/cs

70250/L

N1

rvE
p//57Z c-

M04O/
\BfC

MPV /05

2W5SAU Pecjrcr

ex///S7

MOA// 7T5//JJ Y/5L c2A 775

F2-s7cY7 /5 -259



LEGEND

Kennecoti Owned Ptoperty
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FLAMBEAU MINING COMPANY
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EXHIBIT

PREMISES USED AS BASIS FOR AGREEMENT

Operation of the Mine shall comply with all DNR regulations in
NR132 applicable to the Mine site and facilities except as

exemptions from such regulations may be procured by Kennecott
in accordance with NR132.l9

Operator shall take preventative measures to minimize surface
water runoff or erosion by finish grading and seeding complet
ed areas of the Mine in accordance with the closing plan made

part of this Agreement

The Open Pit shall be not greater than 40 acres more or less
in size and shall be excavated to depth of no more than 225

feet more or less below the grade existing on the site as of

January 1988

The Open Pit Mine shall not be converted to deep shaft

mineral mine

There will be no smelting concentrating or refining of Ore on
the Operators land or in Rusk County

The area disturbed by the operation in the Active Mine Area

will not be expanded by more than 10%

The Active Mine Area shall at all times during the con
struction operations and closure phases of the project be

enclosed by the Security Fence entry through which shall be

via secured gates The gates shall be closed and kept locked

by the Operator except during the hours of operation

Operator shall install maintain and utilize surface water
containment systems and water treatment plant to protect the

groundwater and surface water of Rusk County in accordance

with DNR specifications

The topsoil waste rock and overburden removed from the Open
Pit shall be stockpiled for use in site restoration during the
Nine closure phase

10 Primary means for transportation of Ore away from the site

shall be via railroad and except as otherwise allowed in this

Agreement all transportation of Ore away from the site shall

be via railroad

B6



EXHIBIT Page
PREMISES USED AS BASIS FOR AGREEMENT

11 Blasting crushing and rail shipping operations shall be

conducted during daylight hours Monday through Saturday only

12 The only non-hazardous wastes to be stored at the Mine are
those mine wastes as defined by DNR and generated by the

operations except those materials necessary for operation of
the Mine and facilities

13 No Hazardous Waste as currently defined by the DNR according
to NR18O.0427 shall be accepted received stored or

disposed of or transported to the Mine Onsite storage of

fuels lab chemicals and blasting materials will be allowed

provided they are contained in secured areas

14 No less than six groundwater monitoring Well Clusters shall be
constructed within the Active Mine Area These wells are to
be tested on at least quarterly basis during the Baseline

Monitoring Program construction and operation Monitoring
after closure shall be in accordance with the DNR approved
reclamation plan

15 During the life of the Active Mining operation and during any
period of Temporary Closure the Operator shall continued to

collect pump to its waste water treatment facility and treat

all waters which come into contact with sulfide mineralization
which is of such characteristics so as to warrant treatment

pursuant to NR132

16 After issuance of the mining permit by the DNR but prior to

commencing mining certification to the Participating Local

Governments that bond payable to the DNR in the amount

required under NR132 or other appropriate security as required
by NR132 has been secured

17 The Operator agrees to maintain reclamation bond or other

security in accordance with NR132.l3-3 and for thirty
30 years after closure which is 90 days after completion of

the backfilling of the Mine unless the Committee receives

copy of the request to be exempted and concurs in writing with

the DNR conclusion to grant exemption

18 Environmental Premises

Operator will abide by all applicable federal and state

laws rules and regulations as to control containment
elimination of or limitation of air water ground and

noise pollution or contamination
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EXHIBIT Page
PREMISES USED AS BASIS FOR AGREEMENT

In accordance with the applicable federal and state laws
rules and regulations it is the Opreators intent to

protect ground and surface water resources from
contamination which may arise in the course of the Mining
Operation that could result from contact by water with
sulfide bearing rock formations associated with the
mineral ore body to be mined which protection shall take
the form of collecting and treating surface ground and

precipitation water which may potentially be so

contaminated before discharging the same onto the surface
of the ground into surface waters or into the ground
ii conduct its operations in all three phases of
the project in such manner as to minimize adverse

physical impact on land owners in the Town of Grant and

City of Ladysmith iii upon completion of mining
restore the site of the open pit as nearly as possible
to its original grade by redepositing in the reverse of

the order in which each such layer was removed the waste

rock overburden and topsoil removed from the pit during
the mining process and to revegetate the surface of the
mine site iv conduct blasting work in such fashion

as to minimize impact upon adjoining properties and

improvements situated thereupon minimize dispersal
of dust and/or other pollutants into the air in the

course of Mining Operations and transportation of ore

from the mine site and vi retain fiscal and general

management responsibility for site restoration
reclamation and environmental protection for period of

thirty 30 years next following the actual closure of

the Mine
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EXHIBIT

WAIVERS AND VARIANCES APPROVED BY LOCAL IMPACT COMMITTEE

NR132.181 The setback from the river will be

140 feet compared to 300 feet

specified in the regulations In

addition variances may also be required
with respect to unnamed tributaries

and in the Active Mine Area

NR132.181 The proposed plan will require the
construction of dike which will

partially be in the flood plain
The dike will provide additional

protection against flooding of the
mine during 100 year storm

NR132.18l The setback from the highway will

be 150 feet compared to the 1000
feet specified in the regulations

NR1J2.l81 variance may be required with

respect to the disturbance of

several small wetland areas in the

vicinity of the orebody
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CONDITIONAL LAND USE PERMIT

GENERAL CONDITIONS

Rusk County quasi-municipal corporation duly organized

under the laws of Wisconsin hereby grants to Kennecott

Explorations Australia Ltd Delaware corporation the

following Conditional Land Use Permit Said permit is granted

pursuant to the powers vested in Rusk County under Secs 59.025

59.07 59.97 and 144.839 Stats and constitutes an exercise of

said countys authority to plan for and zone as to land uses

within its corporate limits under the general auspices of its

police powers Said powers have been exercised in accord with

Secs 59.97 66.30 and 144.839 Stats and under the Rusk County

Comprehensive Zoning Code adopted April 20 1971 as amended

from time to time thereafter to and through the date of this

permit In addition the Town of Grant civil town organized

under the laws of Wisconsin having through its Town Board

elected to participate in County Comprehensive zoning on or about

June 14 1982 and having elected to participate in the Local

Agreement under Sec 144.839 Wis Stats said Comprehensive

Zoning Code and the exercise of County Zoning Powers as to the

instant land use which is situated either as whole or in part

in the Town of Grant as of the date of issuance of this permit

is deemed to be effective under Wisconsin law

This permit shall be interpreted and applied as

Conditional Use Permit in accord with the definition of the term

conditional use at Secs 2.16 and 7.1 Preamble of the Rusk
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County Comprehensive Zoning Code hereinafter Comprehensive

Zoning Code As such the Permit Holder shall strictly conform

its activities and land uses to the tens of this permit

Administration of this permit shall at all times be

subject to the control of the Rusk County Zoning Committee or

its successor standing committee of the Rusk County Board of

Supervisors appointed pursuant to Sec 59.06 Stats

In accord with Sec 59.971 and 11 and 144.839 Stats

the purpose of this permit grant shall be to promote the public

health safety and general welfare of the residents of the

County while at the same time allowing to the Permit Holder the

right subject to the limitations expressed herein to engage in

the described land use of property which it owns in Rusk County

This permit implements Local Agreement which was duly

entered between Rusk County the Town of Grant the City of

Ladysmith and Kennecott Explorations Australia Ltd on

.n and was duly approved of by the Rusk County Board

on iqgt by the Ladysmith City Council on /tiucr

and by the Town Board of the Town of Grant on Zt Zc/423

DEFINITIONS

The following definitions unless the context dictates

otherwise shall be used in interpretating and applying the

provisions of this Conditional Use Permit

Active Mine Area shall refer to that real estate

described at page of the Local Agreement whose legal

description is as set forth at Sec of this permit
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Comprehensive Zoning Code shall mean that code of

ordinances duly adopted by the Rusk County Board of Supervisors

pursuant to Sec 59.97 Wis Stats et al which generally

governs from planning and zoning standpoint the use of lands

in unincorporated areas in said county in towns which have

ratified said zoning code

County shall mean Rusk County State of Wisconsin

Disturbed Sites shall mean any site which during the

course of construction operation or closure shall have had its

topography surface grade and vegetation altered removed

destroyed or disturbed each of which site shall be within the

Active Nine Area

DNR shall mean the Wisconsin Department of Natural

Resources

Local Agreement shall mean that agreement entered

into between Rusk County the City of Ladysmith the Town of

Grant and the Permit Holder pursuant to Sec 144.839 Wis Stats

Mining Activities shall mean any and all land use

activities engaged in under this permit related to creation c.f

taking of ore from and re-filling of the open pit to be situated

on site and appurtenant activities and land uses associited

therewith

Mining Permit shall mean the permit procured by the

Permit Holder under Ch NR132 Wis Adin Code

Operator shall mean the Permit Holder under this

Conditional Use Permit

Permit Holder shall mean the individual or

corporation or his or its assignee transferee or conveyee
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operating subject to this Conditional TJa Permit

Stats or Wis Stats shall mean the Wisconsin

Statutes

Type Wasterock shall refer to that wasterock

generated in the course of mining activities and removed from the

open pit which does not contain an incidence of sulfide minerali

zation requiring storage and treatment in the same manner as Type

II Wasterock so as to prevent water contamination Type

Wasterock shall be backfilled subject to DNR approval into the

mine during the closure phase

Type II Wasterock shall refer to that wasterock to be

generated in the course of the mining activities and removed from

the open pit which contains an incidence of sulfide mineraliza

tion sufficient to cause leachate which requires treatment

pursuant to DNR regulations Such wasterock shall be stored in

accord with the terms of the Local Agreement and backfilled

subject to DNR approval into the mine during the closure phase

Wis Adm Code shall refer to the Wisconsin

Administrative Code

Zoning Administrator shall mean that administrative

official or employee of Rusk County duly designated by the

county board to administer its zoning code

Zoning Committee shall mean that standing committee

designated by the Rusk County Board of Supervisors within its

realm of delegated authority to administer the Zoning Code on

behalf of the Board of Supervisors
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LEGAL DESCRIPTION OF PROPERTY SUBJECT TO THE INSTANT PERMIT

All that part of Section Township 34 North Range West

Rusk County Wisconsin lying East of the Flambeau River and

South of Blackberry Lane

This permit also authorizes construction and operation of

rail spur approximately one mile in length to be located in

part of Section 10 Township 34 North Range West Rusk County

Wisconsin lying West of the main line of the Wisconsin Central

Ltd as generally shown in the scale map of the site plan

Exhibit

It is understood by the County that until the DNR issues to

the Permit Holder its NR132 permit the legal description of the

Railway Spur Line as set forth above will be tentative only It

is possible that the DNR may approve of an alternate right-of-

way in which instance without the need for further approval from

the Zoning Committee the official County zoning map shall be

changed to reflect the relocated railway right-of-way and its

zoning district designation under Section of this permit

PERMIT HOLDER

The Permit Holder shall be Kennecott Explorations

Australia Ltd Delaware corporation or its successor in

interest The Permit Holder agrees and understands that the

rights herein afforded to it are assignable or transferable only

in accord with Sec 19 of the Local Agreement Upon any sale

transfer lease or assignment of rights by the Permit Holder to

third party relative to the real estate subject hereto or of the

transfer of rights or responsibilities relative to the commence

ment continuation or closure of any operations maintained on
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said real estate in accord with this permit all rights set forth

under this permit shall then and there cease and be deemed

unenforceable by the said transferee assignee or conveyee

unless full compliance with the terms and conditions of Sec 19

of the Local Agreement is demonstrated All the terms and

conditions of this permit shall be enforced against transferees

assignees or conveyees The granting of this permit is based upon

the underlying assumption that the Permit Holder qualifies to

hold mining permit under Sec 144.85 Stats continues to hold

valid mining permit thereafter and that in the event of

sale transfer or conveyance of the mine that the proposed

transferee assignee or conveyee shall be in full compliance with

Sec 144.872 Wis Stats Should the DNR notify the Zoning

Committee of violation of said statute it shall constitute

cause for potential revocation of or the imposition of additional

conditions hereupon in the discretion of the said committee in

accord with Sec 16 of this permit

ZONING CLASSIFICATION

In accord with the Comprehensive Zoning Code the zoning

classification for the property described at Sec above

shall be that of the Ii Industrial District

SETBACK REQUIREMENTS

The following express setback requirements shall apply and

pertain to land uses and the erection of structures upon the

property described at above

Subject to Department of Natural Resources of the State

of Wisconsin hereinafter DNR approval of variances under
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NRIJ2 Wis Adm Coie the following specific setbacks shall

apply

Highway setbacks from State Highway 27 150 feet

Setback from the Flambeau River the minimum shall

be as shown for the open pit on the scale map of

the Active Mine Area shown in the site plan

Exhibit which is 140 feet from the bank of the

river as it existed on June 1988

In the absence of approval of said variances the

setbacks required under NRl32 Wis Adm Code shall be the

minimum requirements to be met relative to the specific setbacks

set forth above Additionally such other setbacks set forth at

NR132 or variances therefore approved by the DNR shall also

apply In addition the following setback requirements shall be

met Setback from Blackberry Lane 63 feet from the centerline

or 30 feet from the rightofway line whichever is greater

Minor readily removaole structures such as open fences or signs

may be placed within the setback lines Public utility equipment

without permanent foundations is also permitted When deemed

necessary by the Zoning Committee in conjunction with develop

ment such as highway improvement programs the Permit Holder and

public utilities may be required to remove at their own expense

and without right of compensation any such structures erected

within the setback lines

In each quadrant of every street or highway inter

section there shall be designated visual clearance triangle

bounded by the street centerlines and line connecting them 300

feet from any intersection with State Highway 27 and 200 feet

C7



from any intersection with Blackberry Lane If two highways

of different class intersect the largest distance shall apply

to both centerlines Within this triangle no object over 1/2

feet in height above the level of the streets shall be allowed if

it obstructs the view across the triangle Posts and open fences

are excluded from this prohibition

Tree trunks shall be exempt from the visual clearance

provisions set forth above when they are un.branched to height

of 10 feet and located minimum of 30 feet apart

Where different from the setbacks identified at

above as to the Active Mine Area the setback from adjacent

properties set forth at paragraph of the Local Agreement shall

control

With respect to both setbacks and site plan approval

the scale map of the Active Mine Area is incorporated herein by

reference

In the event of any conflict between the setback

requirements for purposes of procuring mining permit as im

posed upon the Permit Holder by the DNR under NR132 Wis Adm

Code and those set forth herein the more strict of said setback

requirements shall be enforced except in situations where the

DNR has approved variance

It shall be required of the Permit Holder that it

shall at its sole expense survey mark and delineate by the

placement of appropriate permanent markers each of the setback

lines set forth above or incorporated herein by reference with

reference to highways the Flambeau River and such other natural

Cs



or artificial boundaries of the parcel subject to this permit as

are required in order to demonstrate compliance with the setback

conditions herein established

The setback requirements herein expressed shall not

apply to the Railway Spur Line serving the Active Mine Area

The setback requirements set forth herein shall not

apply to what is commonly referred to as the old

Building it having been located on the site subject hereto

prior to the granting of this permit provided however that

said structure is hereby designated as non-conforming

structure Structural repairs or alterations of it shall not

exceed 50 percent of its assessed valuation as of the time it

became nonconforming in June 1982 In the event that use of

the structure ceases for one or more years after ore ship

ment starts it shall be considered to be abandoned and all use

of it shall be permanently discontinued

FENCING AND SECURITY PROVISION REQUIREMENTS

The Permit Holder shall at all times from and after

commencement of construction of its mine site and appurtenant

facilities provide fencing of the Active Mine Area and/or

security measures consistent with the definition of security

fences and Section 3c4 Section Sections and 11f of

the Local Agreement each of which are incorporated herein by

reference This requirement shall apply solely with respect to

the Active Mine Area The Railway Spur Line need not be fenced

outside of that location

The maintenance of such fencing and security provisions

shall be condition of this permit to be observed at all times
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until the end of the reclamation period during the closure phase

of operation by the Permit Holder

TRANSPORTATION RESTRICTIONS ACCESS RESTRICTIONS

The following restrictions incorporated herein by reference

from the Local Agreement shall apply regarding transportation of

ore from the Active Mine Area subject to this permit and

additionally as to the means of access to and from the Active

Mine Area

The primary means of transportation from the Active

Mine Area shall be via railway in accord with paragraph 10 of

the Local Agreement

Emergency means of transportation Availability of

trucks for transportation purposes to be limited by sections 10

and 11 of the Local Agreement

Access restrictions The means of access to the Active

Mine Area shall be limited as follows

As set forth at sections 10 and 11 of the Local

Agreement

Construction of access driveways streets or

highways

Shall be subject to town road standards as to

construction maintenance and repair

Zoning Code Requirements Applicable Access

roads streets or driveways constructed from the Active Mine Area

to public highways abutting the land subject to this permit shall

comply with the following requirements
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Minimum Distance of

Hiahway Frontage Between

Hiahway Access Roads

State Highway 27 600 feet

Blackberry Lane 75 feet

The maximum number of access roads driveways or

streets connecting with each public highway abutting the Active

Mine Area shall be two This restriction however shall not

prohibit the construction of an additional driveway from S.T.H

27 to be used as access to possible mine overlook for

sightseers

PROHIBITION AS TO SMELTING REFINING OR PROCESSING OF ORE

There shall be no smelting refining or processing of ore

extracted from the subject mine at any location within Rusk

County Wisconsin

10 PARKING AVAILABILITY

As and for each building constructed under this permit

sufficient offstreet parking spaces shall be provided for

employee agent and guest automobiles and trucks Each parking

space shall be at least 200 square feet in area The actual

number of spaces required shall be determined on the basis of

projected office space and the number of anticipated employees

and guests Said determination shall be reviewed by the Zoning

Administrator In addition the Permit Holder shall provide

sufficient area or areas within the Active Mine Area for storage

of or parking of trucks graders earth moving equipment and

other vehicles which may be used from time to time on the

premises for purposes associated with the mining operation
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11 LOCATION HEIGHT SIZE OF BUILDINGS AND OTHER STRUCTURES

To be limited to the approved site plan locations

subject however to the following understanding the site plan

incorporated herein by reference is preliminary in nature only

So long as both in number size and location structures which

are ultimately built or constructed in the Active Nine Area do

not substantially change the preliminary plan or substantially

alter the scope of the project changes as to structure locations

shall be allowed without further approval of the committee Any

monitoring facilities mandated by the DNR are hereby approved and

are not subject to these limitations

This permit shall include authorization to the Permit

Holder to erect the following structures each of which may

exceed thirty-five 35 feet in height but shall not exceed

seventyfive 75 feet in height Crushing facilities stacker

ambient air monitors storage piles radio tower water treatment

facility and other structures as may be agreed upon by the Permit

Holder and the County

12 INCORPORATION BY REFERENCE OF ALL APPLICABLE STATE AND

FEDERAL REGULATIONS AS TO COMPLIANCE THEREWITH SUBJECT TO

EXPRESS VARIANCES IF GRANTED BY PERMIT AUTHORITIES

The use of the Active Nine Area shall in addition to being

subject to the express terms hereof be subject at all times to

the application of all relevant state and federal regulations and

strict compliance by the Permit Holder therewith subject only to

the exception of such express variances if any which are

granted by the enforcement authorities In the event the Permit

Holder seeks variance from any such regulation it shall
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provide written notice to the Zoning Committee In turn the

participating local governments could provide comments to or

present evidence to the granting authority as to the appropriate

ness of the variance or variances requested Variances which

have been identified thus far are as follows

variance from NR132.l8ld Wis Adm Code as to

the construction of dike which would partially exist in the

flood plain to provide additional protection against flooding of

the mine during 100-year storm

variance from NR132.lS1f Wis Adin Code as to

the disturbance of several small wetland areas in the vicinity of

the ore body

With reference to above1 as to setbacks those

specific variances sought under NR132.l8le and

NR132.18lc as to setbacks from State Highway 27 and the

Flambeau River and unnamed streams and

This permit is further subject to strict compliance by

the Permit Holder with all permit requirements imposed under

NR132 and NRl82 Wis Adm Code as deemed to be applicable by

the DNR and such other state and federal regulations and statutes

governing mining in general and environmental controls of the

state and federal governments as are incorporated therein by the

State of Wisconsin by statute or Administrative Code provision or

variances thereto

13 MINE WATER TREATMENT PLANT

mine water treatment plant whose purpose shall be to

treat ground and surface water and precipitation which comes in

contact with sulfide mineralization sufficient to produce
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leachate which does not meet with state discharge standards

during the course of operation subject to this permit shall be

constructed maintained and operated by the Permit Holder pur

suant to and in accord with DNR regulations and requirements

14 BLASTING LIMITATIONS

The following conditions and limitations shall apply to

blasting and the use of explosives

Explosives shall be stored in strict compliance with

all applicable state and federal laws and regulations including

but not limited to ILHR 7.20 to 7.23 Wis Adm code

No explosions shall be detonated except between 800

a.m and 600 p.m or between sunrise and sunset whenever

sunrise is later than or whenever sunset is earlier than the

above designated times Monday thru Saturday only

No explosions shall be detonated on the surface of the

ground at the mine site surface being described as the elevation

of the ground as it existed on January 1988

All explosions shall be detonated in such manner as

to control noise particle displacement and ground vibration and

subject specifically to strict compliance with ILHR 7.64 Wis

Adm code

Seismographic monitoring shall be required to be main

tained in accord with ILHR 7.64 and Wis Adm

Code

No explosion shall be detonated which will result in

maximum peak particle velocity of the ground motion in any direc

tion in excess of the standards at ILHR 7.64 Wis AdIn
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Code

In blasting the Permit Holder shall at all times

comply with all applicable state and federal laws and regulations

or variances therefrom

In accord with ILHR 7.37 Wis Adm code the Permit

Holder shall keep accurate records of times and locations of all

explosions set off by it in the area covered by the permit as

well as of the type and amount of explosive used for each hole

the size of the charge and the delay between charges Said

records shall be furnished to the Zoning Administrator upon

request

For purposes of implementing this Conditinal Use

Permit the County hereby adopts by reference all other

applicable provisions of ILHR Wis Adm code not expressly

set forth herein to the effect that ILHR shall in accord with

ILHR 7.35 Wis Adm Code constitute local regulation to

be complied with by the Permit Holder In accord with ILHR 7.35

Wis Adm code the site of the proposed blasting shall be

considered to be in community as defined at ILHR 7.04 10
Wis Adm code for purpose of requiring and implementing the

notification provisions therein set forth

It is the further understanding of the Zoning

Committee that the Permit Holder will be using fertilizer base

explosive consisting of ammonium nitrate and fuel -oil and/or

dynamite and that use of the term explosive or any form thereof

in this permit shall refer expressly thereto Should the Permit

Holder at any time during the life of this permit seek to

change the type of explosives to be utilized it shall first
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advise the Zoning Committee which shall not unreasonably withhold

consent if compliance with all criteria of this portion of the

permit shall with such change still be maintained

15 INSPECTION POWERS OF ZONING ADMINISTRATOR

The County Zoning Adininistator hereinafter Zoning Admin

istrator and his or her duly authorized agents shall have

inspection powers and authority for the purposes of ascertaining

compliance with the terms of this permit which powers shall

include but not be limited to the following

Access to any and all portions of the subject premises

and any structure situated thereupon in order to perform his

duties under the Comprehensive Zoning Code and this permit The

Permit Holder hereby consents to said entry between the hours of

800 a.m and 600 p.m Monday through Saturday with the excep

tion of legal holidays At all other times prior arrangements

shall be made with the Permit Holder by the Zoning Administrator

for entry In the event that the Permit Holder shall refuse

reasonable request for the right of entry after reasonable

notice for any or no reason whatsoever excluding reasons

related to hazards and for any or all of the purposes germane to

and allowable under Sec 66.122 Stats the County and the

Zoning Administrator may avail themselves of the right to obtain

special inspection warrant or warrants for inspection purposes

16 ENFORCEMENT OF ALLEGED VIOLATIONS

Included within this general category shall be

Violations of the terms of this permit

Violation of the terms of any state or federal

do



per-mit granted with respect to the mine

Violation of any provision of the Comprehensive

Zoning Code except that portion thereof designated as the Rusk

County Mineral Mining Code Sections 6.3 through 6.11 inclusive

of the Comprehensive Zoning Code and any such other provisions

of the Comprehensive Zoning Code which are inapplicable under the

Local Agreement or are expressly or impliedly waived herein if

any

Public nuisances constituting real and imminent

dangers to public health safety and welfare created by opera

tions maintained under this permit

The building of moving or substantial alteration

of any structure excluding removal in the Active Mine Area

which is not in substantial conformity with the approved of

preliminary site plan incorporated by reference in this permit

This is subject however to the following understanding The

site plan incorporated herein by reference is preliminary in

nature only So long as in number size location and degree of

alteration structures which are ultimately built or constructed

during one of the three phases subject to this permit do not

substantially change the preliminary plan or substantially alter

the scope of the project changes as to structure locations

construction or alteration shall be allowed without further

approval of the committee and hence shall not constitute viola

tions of this permit

The use of any portion of the Active Mine Area

which is not in substantial conformity with the approved site

plan incorporated by reference under this permit
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Remedies in the event of violations Remedies may

include but not be limited to the following

Temporary and permanent injunctive relief

Damages if any sustained by Rusk County

Imposition of forfeiture in accord with
below

Such other and further relief available to the

County under Wisconsin law

Revocation of this permit or

The imposition of additional conditions not

included in the original permit

Relief with respect to items above may be

obtained only through Court action

Forfeitures Each violation of this permit and of the

Comprehensive Zoning Code and of federal or state permits granted

with respect to the contemplated mining operation shall be sub

ject to the imposition upon the Permit Holder of forfeiture in

the amount of from $200.00 to $1000.00 for each day that the

violation continues plus reasonable costs of prosecution should

the County prevail The period of time during which forfeitures

may be assessable shall commence running with the first day after

the end of the compliance period alloted to the Permit Holder

pursuant to of this section in the event that the Permit

Holder fails to conform its land use activities to the directions

of the County In the event of default in payment of any such

forfeiture as assessed by Court unless stay of payment is

provided the instant Conditional Use Permit shall be subject to

termination at the discretion of the Zoning Committee Each day
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violation continues to exist shall constitute separate viola

tion Resort to this remedy shall not be construed as limiting

the County from resorting to any other remedies set forth at

above

Notices Hearings Right To Cure Performance

Prior to instituting legal action except as to

public nuisances under a4 above which are causing real and

imminent danger to public health safety and welfare the Zoning

Administrator shall serve written notice on the Permit Holders

designated representative of the nature of the alleged viola

tions The Permit Holder shall have 20 days to respond either

acknowledging the existence of the violations and setting forth

its proposal to cure the same or ecpressly denying the allega

tions In the event that the Permit Holder fails to respond or

if its response is insufficient to cure the alleged violations

the Zoning Committee may authorize pursuit of remedy or

remedies under above Under no circumstances however

shall the permit be revoked without the holding of due process

hearing In the event that the Permit Holders response to the

notice is satisfactory it shall be given reasonable period of

time by the committee in which to conform its land use activities

to the terms of this permit Should it fail to do so the County

may resort to the remedies at above

17 PERMIT COVERAGE

This permit shall cover the following phases of operation

Construction

Mine operation
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Nine closure

Subject to reopening in accord with 29 of this permit

this permit shall be valid for that period of time commencing

with the date of issuance hereof defined further as that date no

later than forty 40 days after ratification of this permit by

the Rusk County Board of Supervisors or the date upon which the

Town Board of the Town of Grant approves of the herein contained

zoning district boundary change whichever occurs first in

accord with Sec 59.97 Wis Stats and continuing

for the duration of the three phases of operation as set forth

above for period not to exceed forty 40 years The construc

tion phase shall be first and its approximate duration shall be

ten 10 months Then shall follow the mine operation phase

during which ore may be extracted and shipped and reclamation may

begin and its approximate duration shall be five years

Finally the mine closure phase shall take place during which all

reclamation and site restoration activities shall be completed

and during which environmental monitoring shall take place In

accord with the reclamation plan filed with and approved of by

the DNR during and immediately after the mine operation phase

the Permit Holder shall take the necessary steps to refill the

open pit to the approximate grade which existed on June 1988

The Permit Holder shall be required to complete its construction

mine opention and open pit refilling and site restoration

activities within the first fifteen 15 years after the DNR has

granted to it its NR132 permit Should it be unable to do so it

shall be required to petition the County for an extension

Permission to so extend shall not unreasonably be withheld by the
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Zoning Conmittee Subsequent to the said fifteen 15 year

period or completion of pit refilling and site restoration

whichever occurs first environmental monitoring shall continue

for the remainder of the permit life or until concluded which

ever occurs first Unless an extension of the permit life is

requested as permit modification under Sec 29 of this per

mit for mine closure purposes only all special uses and

entitlements under this permit shall cease at the conclusion of

environmental monitoring or the passage of forty 40 years

whichever occurs first Subject to the fifteen 15 and forty

40 year limitations which shall be enforced the time periods

expressed herein for each phase shall be deemed to be approxima

tions only Nonetheless once the shipping of ore during the

mine operation phase has been concluded the Permit Holder shall

not be entitled to recommence the extraction and shipping of ore

unless and until renegotiated Local Agreement and modified

Conditional Use Permit has been granted The effective date as

expressed herein shall be controlled by and subject to the

provisions of 32 below

18 SIZE AND SCOPE LIMITATIONS

This permit is conditioned upon the mine remaining within

and not exceeding the limitations expressed at paragraphs 3.b

and and 24 of the Local Agreement

19 LIAISON TO THE COMMITTEE REPORTS

The Permit Holder shall designate qualified

representative familiar with all aspects of the mine to act as

liaison to the Zoning Committee His or her function shall be
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to respond to requests for information and to advise both the

Committee and Zoning Administrator as to the status of the mining

operation from time to time Said representative shall also be

designated by the Permit Holder to receive written notices of

alleged violations of this permit under Sec 16 above

The Permit Holder shall provide to the Zoning

Committee copy of each report which it generates and provides

to the Impact Committee under Section 16 of the Local Agreement

20 SITE PLAN

Incorporated by reference in this permit is the Site Plan

Exhibit At of this permit and any monitoring facilities

mandated by the DNR which are hereby approved of by the Zoning

Committee If at any time during the life of this permit the

Permit Holder desires to substantially alter its site plan or

erect additional structures beyond those identified on the site

plan incorporated herein by reference which structures

substantially vary in size scope height number or use from

those identified on the site plan it shall first obtain approval

of the Committee In either granting or rejecting such altera

tions the Committee shall be guided by Sec 7.1 of the

Comprehensive Zoning Code

21 PERMITTED USE

This Conditional Use Permit grants to the holder the right

to engage in mining activities in upon and under the surface of

the Active Mine Area special use This permit also approves of

the construction and operation of the Railway Spur utility lines

and access roads to serve the Active Mine Area No other or

further use of the real estate subject to this permit not
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generally allowed as permitted use under Sac l4.5ab of

the Comprehensive Zoning Code shall be allowed

22 INAPPLICABILITY OF RUSK COUNTY SHORELAND-WETLAND ZONING
PROVISIONS TO ACTIVE MINE AREA

None of the property affected by this permit is within

shorelandwetland district under the official Rusk County

Shoreland-Wetland Maps as of the date of this permit The

ShorelandWetland overlay zoning district is not applicable to

the Active Mine Area and land uses contemplated to be made of it

under this permit In accord with Sec l4.8.3.C.2 of the Compre

hensive Zoning Code this permit shall control use of that

portion of the Active Mine Area subject to the Shoreland Overlay

Zoning District

23 INAPPLICABILITY OF RUSK COUNTY MINERAL MINING CODE

Pursuant to the Local Agreement Sections 6.3 through 6.11

inclusive of the Comprehensive Zoning Code known as the Rusk

County Mineral Mining Code shall not be applicable to the Permit

Holder nor to its land uses granted by this permit

24 REVEGETATION OF ACTIVE MINE AREA

It shall be condition of this permit that during the

closure phase the Permit Holder shall revegetate all disturbed

sites in the Active Nine Area To facilitate such revegetation

the Permit Holder shall prior to the construction phase take an

inventory of the existing vegetation In revegetating disturbed

sites the Permit Holder shall use said inventory as guide and

shall plant the same or similar grasses shrubs trees and other

vegetation Subsequent to said revegetation the Permit Holder

shall remain responsibla for and shall insure viability of what
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it has planted for period of 20 years during which time it

shall replant vegetation which fails to take hold and/or which

dies

25 MODIFICATION OF PERMIT PROCEDURE

In the event that subsequent to the issuance of this permit

the Permit Holder desires modifications of the terms and condi

tions hereof including but not limited to structural altera

tions expansion of permitted uses or site plan amendments the

Permit Holder shall make an application to the Zoning Committee

In accord with Secs 7.1 and 7.21 and of the

Comprehensive Zoning Code the Zoning Committee shall issue its

determination In making such decision it shall not be bound

by the Mineral Code Sec 6.3 through 6.11 inclusive because

those sections have been deemed inapplicable pursuant to the

Local Agreement

26 FEES

Upon ratification of this permit by the Rusk County

Board of Supervisors the Permit Holder shall pay fee of

$5000.00 which fee shall be nonrefundable and the purpose of

which shall be to defray the costs of the permit granting

process

As further condition of the permit the Permit Holder

shall make contribution to Rusk County for the expenses to it

of permit compliance monitoring and enforcement by the Zoning

Administrator Said contribution shall be in the amount of $750

per year This requirement shall apply for each calendar year of

construction and of mine operation Said payment shall be made
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on or before December 31 of each calendar year of construction

and of mine operation

Upon application for modification of this per-mit

the Permit Holder shall pay non-refundable fee of

$500.00 and additionally shall pay all costs associated with

the holding of the public hearings and Zoning Committee

meetings including but not limited to per diems costs of publi

cation expert witness and/or advisor fees

The Permit Holder shall pay such other fees charges

and costs as are called for in this permit

27 PRECIPITATE DISPOSAL

Precipitate defined as any solid generated in the course

of waste water treatment under Sec 13 of this permit and

further defined as the residue remaining after ground and surface

water and precipitation which have come in contact with sulfide

mineralization have been treated in accord with state water

discharge standards shall be disposed of as follows The

Operator shall store said precipitate in such manner as to

comply with Eac 17 of the Local Agreement and shall during or

prior to the closure phase under this permit re-deposit the said

precipitate in the open pit in conjunction with that portion of

the Type II wasterock which has the highest incidence of sulfide

mineralization at the bottom of the said open pit provided this

method is approved of by the DNR

28 RAIL CAR AND TRUCK ACCESS ROADS--DUST CONTROL

The Permit Holder shall use appropriate means consistent

with Wisconsin law and regulations to control dust from ore

being transported by rail car or truck or from the passage of
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trucks over unpaved access roads

29 REOPENING OF PERMIT

In the event that the Permit Holder desires to reopen and

extend the life of this permit it shall make application for the

same to the Zoning Committee in writing at least two years

prior to the end of the term hereof Reopening may be granted by

the Committee solely for reasons related to site reclamation In

the event that the Permit Holder desires to expand or extend the

project scope whether during or after the mine operation phase

it shall be required to apply for new permit in accord with

Secs 7.1 and 7.21 and of the Comprehensive

Zoning Code or their successors

30 CLOSURE PHASE MINE SITE RECLAMATION RESPONSIBILITY
OF PERMIT HOLDER

The Permit Holder shall remain financially responsible and

shall as such maintain its reclamation bond or other security

pursuant to NR132 WIs Adm Code covering the mine in question

for period of not less than thirty 30 years commencing 90

days next following the date and year of actual mine closure

unless the committee receives copy of request to be exempted

and concurs in writing with the DNR conclusion to grant said

exemption such concurrence shall not be unreasonably withheld

31 SCREENING OF ACTIVE MINE AREA

To the extent possible consistent with the Permit Holders

use and erection of structures within and surrounding the Active

Nine Area and the setback requirements herein set forth in order

to minimize traffic hazards along and upon S.T.H 27 as it

passes to the east of the Active Mine Area caused by travelers
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upon said highway who wish to observe the Active Mine Area and

additionally as an aesthetic component the Permit Holder shall

make reasonable efforts to retain the trees growing on its

property adjacent to the west line of S.T.H 27

32 AUTHORIZATION FOR CONDITIONAL LAND USE PERMIT

The granting of this Conditional Land Use Permit to the

Permit Holder by Rusk County is authorized pursuant to Secs

59.97 and 144.839 Wis Stats adopted in Act 399 Laws of 1987

88 It shall not be deemed to be effective nor shall the Permit

Holder consider it as conferring upon it any rights entitlements

or privileges until public hearing has been held by each

participating local government as defined in the agreement

incorporating this permit by reference nor until each said unit

of local government shall have in open session ratified entry

into said Local agreement nor until Rusk County through its

Board of Supervisors shall have ratified in its capacity as the

zoning authority the granting of this permit Only upon the

occurance of the last of these events shall this permit be deemed

to be effective

33 ADOPTION OF THE INSTANT PERMIT BY THE CITY OF LADYSMITH

In the event that in accord with the agreement

incorporating this permit by reference the Permit Holder annexes

portion of the property described at above to the City of

Ladysmith the said City hereby agrees pursuant to the power

vested in it at Secs 62.23 and 144.839 Wis Stats to

adopt and implement the terms and conditions of this permit as

its zoning regulation of the Permit Holders mine
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34 AMENDMENT OF TERNS AND CONDITIONS IMPOSED UNDER THIS
PERNIT

In the event that during the period of time covered by

this permit the Permit Holder shall apply for variances from

applicable federal or state laws or regulations other than those

identified at Sec 12 above which variances act to substan

tially change or have the potential to substantially change the

nature of or scope or extent of the mining operations to take

place in the Active Mine Area subject hereto such as the

development of shaft underground mine or the installation of

more or larger equipment so as to increase the yearly ore

shipping rate in excess of 125 percent of the level expressed in

Sec 3.c 10 of the Local Agreement or expanding beyond the

limits of Sec 24.b of the Local Agreement or in the event that

cause exists for either the Permit Holder or Rusk County to

renegotiate all or specific provision or provisions of this

Local Agreement in accord with Sec 24 thereof Rusk County

reserves the right in deference to the interest of the public

health safety and welfare and its authority at Sec 59.97 Wis

Stats to modify or impose additional or different conditions

upon the Permit Folders special use activitymining The

process of considering and establishing or rejecting such addi

tional or different conditions shall be governed by Sec -7.1 and

7.21 and of the Comprehensive Zoning Code or

their successors

35 BACK FILLING OF OPEN PIT

Upon the conclusion of its mining under this permit and

under the Operators NR132 permit the Operator shall in accord
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with and subject to applicable provisions of NR132 and NR1B2

back fill the open pit created in the course of its mining opera

tions The present plan subject to DNR approval is that it

shall use the soil overburden wasterock and precipitate

generated from wastewater treatment in the back filling of the

mine and shall deposit in the layer furthest below the grade

level of the land that wasterock with the highest incidence of

sulfide mineralization as well as the precipitate It shall

also if acceptable to the DNR and subject to engineering speci

fications approved of by the DNR place at an appropriate level

below the soil and overburden layer composed of claylike

possibly saprolitic rock formation referred to otherwise as ML

material to help assure that the permeability of the Type II

Wasterock filled below the Type Wasterock will be less than the

permeability of the Type Wasterock and earth fill at the top of

the pit

This Conditional Use Permit is hereby granted to the Permit

Holder under authority vested in the Rusk County Board of

Supervisors

Rusk County
QuasiNunicipal Corporation of

The State of Wisconsin

BY

Norixian Arndt

Zoning Administrator

C29



-
.
-
-

IS
_
-_

_

rS
h
-

0
0

-
-

I
f
r
/

/1

IH
L

-1
-
\

1
fl
L

I_

i
-

It
//
\

.1

L
c
c
4

J
J

c
_

jf
l\

-
k

\\
\\
c

f
l

\_
_
_
_
_
_
_

1
1

L
//
I

/L
Ic

j
I

IJ

S
I

._
_

s
-\

.
-

Z
X

I
-

_
_

-e
1

LA
N

E
o
n
iI
u

3
n
o
rp

o
ra

Ir
O

f4
K

LN
W

C
oI

T

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_

C
O

A
P

O
S

A
T

IO
N

-
-

I
t

F
L

.A
M

IJ
P

R
O

JE
cT

t
it
in

t
f
l

-
.
.

-
.

IF
1
T

I
i
i

o
o
.o

..
Ii

iT
I1

T
1



APPENDIX

Conditional Land Use Permit Certificate



R
U

S
K

C
O

U
N

T
Y

Z
O

N
IN

G
A

D
M

IN
IS

T
R

A
T

O
R

C
O

U
R

T
H

O
U

S
E

r
e
r
m

it
S

M

L
A

D
Y

S
M

IT
H

W
IS

C
O

N
S

IN
5
4
8
4
8

T
E

LE
P

H
O

N
E

5
3
2
2
1
5
6

a
te

s
s
s
u
e

T
H

IS
C

E
R

T
IF

IE
S

T
H

A
T

L
A

N
D

U
S

E
P

E
R

M
IT

H
a
s

b
e
e
n

is
s
u
e
d

t
o
i

.e
/a

c
.t
.i
a
fl
c
2

L
1

fo
r

c
.c

-
a
-
-
t

T
.

T
y
p
e

a
n
d

u
s
e

o
f

b
u
il
d
in

g
M

e
te

s
a
n
d

b
o
u
n
d
s

o
r

L
o
t

b
lo

c
k

a
n
d

s
u

b
d

iv
is

io
n

E
L
-
tL

Q
J

l/
t
jt
o
C

I
ic

t

in
..
c

o
f

o
f

S
e
c
ti
o
n
.
i

in
T

o
w

n
s
h
ip

R
a
n
g
e

//

o
n

-
f

H
ig

h
w

a
y

C
o

u
n

ty

T
o
w

n
o
f

.A
A

2
.2

t

Z
o
n
in

g
A

d
m

in
is

tr
a

to
r

P
o
s
t

o
n

P
re

m
is

e
s

in
P

la
in

V
ie

w
G

O
b
c
/f

l
L
a

io
n

la
c

o
/t
N

ic
6

..
L

p
..
a
it

c
9
iZ

t
/O

/2
t.

.i
b

.3
V

.-
tt

L
t/

tR
a
.r

L
J
t

.3
L
t

k
t



APPENDIX

Information Pertaining to Mining Bonds in Other States



Ken

10 Eif
P_
SctliLn

80H3c

December 1989
ken necott

State of Wisconsin
Department of Natural Resources
Madison Wisconsin

Gentlemen

As Director Treasury Services and in previous financial positions
have been involved in the insurance program for Kennecott for

many years including arrangements to provide surety bonds In
recent years our bonds have been provided by Aetna Casualty and

Surety Company The Insurance Company of North America and Safeco

Insurance Company through Johnson Higgins of Ohio Inc and Fred

James Co Inc of Nashville Tennessee

To the best of my knowledge Kennecott Corporation or its

subsidiaries have never forfeited on bond document during the

past 20 years

This information is provided to you in support of Sect.ion AlO of

Mining Permit Application for Flambeau Mining Company subsidiary
of Kennecott Corporation

Very truly yours

Kennedj
Director Treasury Services

yr

El



APPENDIX

Flambeau Mining Company
Financial Information

Note Financial Information Relating to
Flambeau Mining Company Has Been

Forwarded to the Wisconsin

Department of Natural Resources
Under Separate Cover
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Prediction of Chromium Copper and Iron
Concentrations in Vadose Zone Water Reaching
the Water Table Beneath the Unlined Type

Stockpile for the Kennecott Flambeau Project
July 1989



PREDICTION OF CHROMIUM COPPER AND IRON
CONCENTRATIONS IN VADOSE ZONE WATER

REACHING THE WATER TABLE BENEATH THE
UNLINED TYPE STOCKPILE

Prepared for

KENNECOTT MINERALS COMPANY

Prepared by

FOTH VAN DYKE and Associates Inc
2737 Ridge Road

P.O Box 19012
Green Bay Wisconsin 54307-9012

JULY 1989

foth Van Dyke
2737 Ridge Road

Foth Van Dyke

Box 19012 1989
Green Bay Wisconsin 54307-9012 Gi
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1.0 INTRODUCTION

An analytical plug flow model has been used to simulate unsatura

ted transport of leachate containing chromium copper and iron

through the Type stockpile and underlying till to the upper

groundwater surface nine-foot thick layer of till will be

placed beneath the base of the stockpile This blanket will

sorb or retain sufficient quantities of chromium copper and

iron such that the concentrations of these metals within the

leachate will not exceed the established enforcement standards

In addition sorption or retention of these metals was modeled in

the upper nine feet of the underlying till

The effect of the metal sorption on the bulk composition of the

till blanket will be nearly immeasurable It will be possible to

return the blanket material to the open pit during the back-

filling process without degrading the site environment

The impact upon groundwater from leachate from the Type stock

pile will be negligable Concentrations of metals in the leach

ate reaching the groundwater will be similar to those already in

the background groundwater Therefore no saturated contaminant

transport modeling of the Type stockpile leachate will be nec

essary
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2.0 MZTHODOLOGY

Type wastes consisting of till sandstone saprolite and waste

rock will be temporarily stockpiled above grade in an unlined

forty acre site The model described in this section was formu

lated in order to estimate the generation transport and reac

tion of the leachate generated by the hydration and hydrolysis of

these waste materials The leachate percolates through the

unsaturated wastes and underlying till materials until it inter

sects and mixes with the saturated groundwater which is currently

about 20 to 30 feet beneath the ground surface in the area The

output of the model is time based estimate of the concentra

tions of chromium copper and iron in the leachate that enters

the groundwater

2.1 Model Inputs

The inputs to the unsaturated transport model include the quan

tity and type of waste material stored in the stockpile and the

time during which the material is added to the stockpile In ad

dition the quantity and periodicity of the precipitative inputs

to the stockpile are utilized in the model The reaction between

the water intercepted by the stockpile with the waste generates

the leachate which percolates through these materials to the

groundwater Reactions between the generated leachate and the

underlying materials increases or decreases the concentrations of

certain metals within the leachate and play major role in de

termining the concentrations of these metals within the leachate

that eventually reaches the groundwater

2.1.1 Type Waste Generation

Type waste materials will be generated in two phases The

first phase Phase will consist of wastes removed from the

87110
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western half of the open pit Phase II wastes will be subse

quently removed from the eastern half of the open pit see Table

No 42 KMINE Phase will consist of preproduction and

production stage relative to ore recovery The preproduction

stage of the first phase is expected to last six months During

this time period the till removed from the mine area will be used

to make till blanket of uniform thickness at the base of the

40acre stockpile site The till blanket will be made up from

7.78 lO tons of till which when multiplied by the tonnage and

swell factors see KMINE 33 will create blanket of 5.92

lO yds3 that will have uniform height of 9.2 ft The blanket

will be dimpled in its central portion in order to minimize run

off from the blanket and to maximize percolation of leachate

through it

Approximately 7.0 l0 tons of the first sandstone removed will

be used as sand blanket in the drainage system in the Type II

Stockpile In addition some till and/or stadstone will be used

in the construction of roads at the mine site With the excep

tion of the sandstone that will be used in the Type II Stockpile

for the purposes of this model it will be considered that all of

the remaining Type wastes will be stored in the unlined stock

pile

The remaining Type wastes will be stockpiled on top of the till

blanket in segregated areas The sizes of these areas were de

termined by calculating the volumetric proportion that each waste

type would require to be stored on top of the till blanket so

that final uniform height of all of the adjacent units would be

obtained It is assumed that the stockpiled till will occupy the

western 35 percent of the surface of the till blanket Sandstone

will occupy the northeastern corner of the blanket surface 18

percent of the total area saprolite will occupy the east cen

tral part of the blanket surface 20 percent of the total surface
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area and waste rock will occupy the southeastern portion of the

blanket surface 27 percent of the total surface area This

stockpiling configuration was chosen in order to facilitate the

backfilling of the open pit during reclamation activities For

purposes of modeling it is assumed that the borders of the till

blanket and the stockpiled wastes will be at right angles with

the horizontal surface this greatly simplifies volumetric and

areal calculations

The production of each waste material by quarters of years of

mine operation is included in Appendix The model assumes that

each quarterly volume of waste added to the stockpile will be of

uniform thickness

total of 9.07 l0 yd3 of till 4.72 l0 yd3 of sandstone

5.40 lO yd3 of saprolite and 7.01 lO yd3 of waste rock

will be stockpiled on the till blanket There will be 2.72 l0

tons of blanket till beneath the stockpiled till 1.40 l0 tons

of blanket till beneath the sandstone 1.55 lO tons of blanket

till beneath the saprolite and 2.10 lO tons of blanket till

beneath the waste rock

2.1.2 Leachate Generation

The most important factor in leachate generation are the inputs

of precipitation to the stockpiled wastes Average monthly pre

cipitation and temperature data corrected for losses due to

evapotranspiration were added to the wastes on quarterly basis

see KMINE Appendix 28 for data The quarters used in

the model were January-March April-June July-September and

OctoberDecember In the model it was assumed that the net pre

cipitation was of uniform quantity during the entire quarter

Also it was conservatively assumed that there was no

runoff--that all of the net precipitation percolated through the
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waste and till blanket The respective net precipitation num

bers in inches used for the abovelisted four quarters were

3.94 3.30 4.69 and 5.44 respectively

The net precipitation that is introduced to the different wastes

will percolate through them at different rates It was observed

during the wet/dry leaching tests performed as part of the waste

characterization studies that the till and sandstone had drainage

characteristics similar to sandy loam In addition the sapro

lite had observed characteristics similar to silt loam and the

waste rock similar to coarse sand If it is assumed that the

till blanket and stockpiled till sandstone and saprolite drain

at constant tension of 20 mb and the waste rock at constant

tension of -40 lith travel times for the leachate migrating

through these materials can be estimated from published values

for materials of similar drainage characteristics see Bouma

et.al 1974 Therefore leachate will migrate through the till

and sandstone at the constant rate of 120 ft/yr through the sap
rolite at the constant rate 16.8 ft/yr and through the waste

rock at the constant rate of 958 ft/yr The calculated travel

time for the generated leachate through the till blanket is

0.08 yr Based upon the geologic sections depicted in Figure

Nos 3.5-4 and 3.59 of the KEIR it appears that approximately

20 feet of till separates the base of the Type stockpile from

the groundwater surface The computed travel time through this

20 feet for leachate is 0.17 yr Therefore the total travel

time for water to leach to the water table through the till blan

ket and the underlying insitu till will be 0.25 yr

Wet/dry leaching experiments were performed on various waste ma
terials as part of the waste characterization studies These ex

periments simulate the reactions that will occur when precipita

tion reacts with the wastes Mathematical relationships have

been developed between the quantity of chromium copper and iron
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that will be leached from these materials and the leach cycle

number see Table Nos 3.5-17 and 3.5-20 in the KEIR These re
lationships are included in Appendix This information com

bined with the net precipitation inputs has been used to gener
ate the quantity of leachate and the concentration of chromium

copper and iron within that leachate for any of the waste mate

rials It is also possible to calculate the rate at which the

generated leachate will migrate through the waste and underlying

till on quarterly basis

2.1.3 Leachate Reactions with the Till Blanket

The reactions between leachate and the till blanket have been es
timated from the soil sorption studies conducted as part of the

waste characterization studies see KEIR Section 3.5.6.3.4

Before direct use could be made of the experimental results the

iron concentrations had to be reduced so that the results would

only reflect the reactions between till and dissolved iron in the

leachate The data modifications are included in Appendix

The results of the soil sorption studies indicate that the till

will sorb or retain iron and copper except at the lowest iron

and copper concentrations at which the till will desorb iron and

copper The calculated distribution coefficients for these reac

tions at the highest concentrations of iron and copper used are

28.2 and 23.5 ml/g respectively These values are well within

the range of coefficients determined for wide range of soils

Baes and Sharp 1983

The leachate solutions were also analyzed for chromium However

since most of the chromium concentrations were below the instru

mental detection limit no clear reactive relationship between

chromium and the till could be determined In the model it was

assumed that the reactions between the till and chromium were
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similar to that of the till with iron This is very conserva

tive estimate since trivalent chromium is more extensively

sorbed than iron by most soils

2.2 Model OutDuts

The analytical plug flow section models of de Wit and van Keulen

1975 and of Frissel and Reiniger 1974 have been successfully

used by Doran and Thresher 1986 and 1987 to simulate the trans

port of reactive leachates through unsaturated soils These mod

els very conservatively assume that there is neither dispersion

nor retardation of the metals in the leachate as the leachate

passes through the soil

It was assumed that one significant leaching of the waste materi

als occurred during each quarter that the material was stored on

the stockpile It was also assumed that the generation of the

leachate was instantaneous and therefore both the quantity of

leachate and the concentrations of chromium copper and iron

were constant during given quarter It was also assumed that

only the till blanket and the upper nine feet of the underlying

till would be involved in sorption/dtsorption reactions with the

leachate

The concentration of chromium copper and iron within the leach

ate that arrives at the till blanket was calculated by multiply

ing the quantity of given waste which will be added to the

stockpile in given quarter by the quantity of chromium copper

and iron that was predicted to be leached from that material

The concentrations of these metals in the leachate that finally

arrives at the till blanket is summation of the above products

for each quarterly deposit of given material
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The quantity of leachate and metal concentrations arriving at the

groundwater surface at given time is the proportionate summa

tion of the net results of the tillreacted leachates from each

of the waste materials This is the basis for the development of

the model output presented in Table No 2-1
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TABLE NO 2-1

Unsaturated Model Outputs

Time
yrs

Leachate

Volume6
10

Metal

Chromium

ug/L

Concentrat

Copper
ug/L

ions

Iron

ug/L

0.00 22.4 0.5 10.0 56

0.25 16.2 0.5 10.0 56
0.50 13.6 0.7 10.3 112

0.75 15.8 0.5 11.3 60
1.00 26.5 0.5 33.6 56
1.25 19.5 0.7 30.2 56

1.50 15.6 0.9 28.5 56
1.75 15.4 1.0 31.5 58

2.00 19.9 1.3 38.4 67

2.25 21.5 2.5 27.5 102
2.50 17.4 2.3 22.6 245
2.75 14.1 2.6 18.0 204
3.00 18.4 2.2 19.6 166
3.25 20.6 2.5 14.6 172

3.50 16.8 1.6 14.2 115
3.75 15.4 1.3 17.0 82
4.00 18.7 1.1 20.9 72

4.25 20.6 1.4 16.3 92
4.50 16.8 1.0 16.2 71

4.75 15.0 0.9 18.3 63

5.00 19.9 0.9 18.7 61
5.25 21.8 1.2 15.8 73

5.50 16.2 1.0 14.2 60

5.75 13.9 0.8 12.5 56

6.00 18.2 0.8 10.4 56

6.25 21.8 1.1 10.0 61

6.50 17.4 0.9 10.0 56

6.75 14.1 0.8 10.0 56

7.00 18.2 0.7 10.0 56

7.25 21.8 0.5 10.0 56

7.50 17.4 0.5 10.0 56
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3.0 SUMMARY AND CONCLUSIONS

The values presented in Table No 2-1 indicate that only trace

concentrations of chromium and minor concentrations of copper and

iron will enter the groundwater beneath the Type stockpile

None of the values exceed the MCL5 for these compounds There

fore it is clear that according to the standards set in NR 132

and NR 182 the Type stockpile will cause no groundwater degra

dation

The average quantity of chromium copper and iron in the till

blanket is 7.30 37.3 and 6090 tons respectively average of

till-west and till-central values from Table No 3.5-9 KEIR
If all the chromium copper and iron that will be leached from

all of the Type wastes 0.141 2.04 and 9.02 tons respec

tively ends up being sorbed by the till blanket the sorbed met

als would only account for 1.9 percent 5.2 percent and 0.15

percent respectively of the total background contents of those

metals in the blanket The changes in the metals concentrations

in the till blanket as result of its reduction and retention of

metals from the leachate would have no significant impact upon

the bulk composition of the till blanket Therefore this blan

ket material can be returned to the pit during the backfilling

process

The quantities of chromium copper and iron that would be sorbed

by the modeled nine feet of in-situ till underlying the till

blanket will be 0.11 percent 0.47 percent and 0.01 percent re

spectively of the total bulk metal contents of the till These

increases in metal quantity are so low that they would not be

measurable in the field
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The quantities of chromium copper and iron that would be sorbed

by the modeled nine feet of insitu till underlying the till

blanket will be 0.11 percent 0.47 percent and 0.01 percent re

spectively of the total bulk metal contents of the till These

increases in metal quantity are so low that they would not be

measurable in the field

These results show that the leachate to be derived from the Type

stockpile will have no impact on groundwater upon reaching the

water table Even with the many very conservative assumptions

that were made in this modeling effort the model output shows

that there will be no concentrations in the leachate which will

exceed any applicable groundwater standards The highest pre
dicted chromium concentration is 2.6 ug/L 5.2 percent of the

MCL The highest predicted copper concentration 38.4 ug/L is

3.8 percent of the MCL and the highest predicted iron concentra

tion 245 ug/L is 82 percent of the standard Perhaps more im

portantly the predicted concentrations for the three metals are

roughly the same as or even less than the concentrations for

the metals in the natural background groundwater

Therefore it must be concluded that no further saturated flow

and contaminant transport modeling of Type stockpile leachate

is warranted
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APPENDIX

Production Schedule of the Type Wastes
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Note

SS is sandstone ML is saprolite and is waste rock

Production schedule computed by the finn of Pincock Allen

Holt Inc Lakewood Colorado
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Kennecott Flambeau Project
Mine Production Schedule Type Stockpile

Till SS ML Total
Period Phase Bench ktons ktons ktons ktons ktons

PP 1130 48 48

1120 115 115

1110 235 235
1100 245 71 316
1090 104 118 36 258

1080 27 34 134 195
1070 55 59

11/4 Total 778 223 225 1226

1070 71 71
1060 59 61

1050 10 11 21

1040
1030 81 81

12/4 Total 87 140 13 240

1060 58 59

1050 23 30 53

1040 15 20

1130 110 110

Total 110 86 46 242

13/4 1050 22 18 40

1040 12 40 52

1030 16 17

1130 98 98

1120 56 56

Total 154 35 74 263

14/4 1040 25 33

1030 39 45

1020 15 16

1120 164 164

Total 164 15 79 258
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Kennecott Flambeau Project
Mine Production Schedule Type Stockpile Cont

21/4 1030 23 28

1020 37 39

1010 11 11

1120 128 128
1110 45 45

Total 173 71 251

22/4 1020 16 16

1010
1000
1110 284 284

1100

Total 289 26 315

23/4 1020
1010 13 13

1000
1100 125 152 277

Total 125 152 27 304

24/4 1010
1000

990
1100 20 30 50

1090 37 212 255

Total 57 242 314

31/4 1000

990
980

1090 12 65 78

1080 15 89 39 143

Total 27 154 40 19 240

32/4 990

980
1080 47 20 75

1070 42 46

1060 27 35

Total 12 48 89 17 166

A-3

G18



Kennecott Flambeau Project
Nine Production Schedule Type Stockpile Cont

33/4 980
970

1070 22 31

1060 27 35

1050 13 28 41

Total 62 45 116

34/4 1070 18 22

1060 18 23

1050 11 23 34

1040 45 45

Total 47 73 124

41/4 1050 10 16

1040 43 44

1030 46 46

1020 12 12

Total 111 118

42/4 1030 39 39

1020 68 68

1010

Total 114 114

43/4 1010 47 47

1000 45 45

990 11 11

Total 103 103

44/4 1000 10 10

990 50 50

980 48 48

Total 108 108

51/4 980

970 49 49

960 25 25

Total 79 79
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Kennecott Flanibeau Project
Nine Production Schedule Type Stockpile Cont

52/4 960 23 23
950

Total 32 32

53/4 960
950

940

Total 12 12

54/4 950

940
930

Total 10 10

61/4 940

930
920

Total

62/4 920
910

Total

63/4 910
900

Total

GRAND TOTAL 1979 829 759 1079 4646
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APPENDIX

Mathematical Relationships between Quantity of Metals

Leached and Leach Cycle Number
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INTRODUCTION

Mathematical relationships between the quantity of chro

mium copper and iron leached from waste rock

saprolite sandstone and till and the wetdry leach

cycle number have been developed

The data from the waste rock sample WRl were taken

from TABLE NO 3.5-20 KEIR

The data for the saprolite sandstone and till samples

were taken from TABLE NO 3.5-17 KEIR

The waste rock and saprolite samples were composite

samples which contained material from the entire mine

pit area

The sandstone and till samples each consisted of mate

rial collected in the western central and eastern

parts of the mine pit area

The equations developed from these relationships were

used to generate the quantities of metals that would be

expected to leach from the Type waste materials for

each of leaching cycles through 28

WASTE ROCK COMPOSITE

Chromium

All values of chromium within the WR-l wet-dry leachate

were below instrumental detection limits It is assumed

that chromium concentrations in the leachate that enters

the groundwater beneath the stockpiled waste rock will be

0.5 ug/L
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Copper

The maximum copper concentration in the WRl wetdry

leachate was measured in the cycle leachate The quan

tity of copper leached from sample KRi decreased from

cycle through 16 following negative power function

Cu leached ug/g 0.25cycle Y66

r2 0.90

Iron

The maximum iron concentration in the WRl wetdry

leachate was measured in the cycle leachate The quan

tity of iron leached from sample KR-i decreased from cycle

through 16 following negative power function

Fe leached ug/g 0.34cycie _h35

r2 0.77

SAPROLITE COMPOSITE

Chromium

The maximum chromium concentration in the saprolite

wetdry leachate was measured in the cycle leachate

The quantity of chromium leached from the sample increased

from cycle through following positive power func

tion

Cr leached ug/g 0.00l4cycie 41.01

r2 0.87
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The quantity of chromium leached from the saprolite sample

during wet-dry cycles and 16 was less than 6.OxlC4 and

less than 4.OxlC4 respectively

Values of 3.0xl04 and 2.0x104 respectively were used

for the quantities leached during these cycles The quan

tity of chromium leached from the sample decreased from

cycle through 16 following negative power function

Cr leached ug/g O.0056cycle 113

0.94

Copper

The maximum copper concentration in the saprolite wetdry

leachate was measured in the cycle leachate The quan

tity of copper leached during cycle 16 was determined to

be less than 2.0xl04 ug/g value of 1.OxlC4 ug/g was

used for the quantity leached during cycle 16 The quan

tity of copper leached from the sample decreased from

cycle through 16 following negative power function

Cu leached ug/g 0.37cycle Y_2u73

0.79

Iron

The maximum iron concentration in the saprolite wetdry

leachate was measured in the cycle leachate The quan

tities of iron leached during cycles and do not fit

any simple mathematical relationship If it is assumed

that the quantity that would be leached during cycle
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would be ug/g then linear relationship can be used to

approximate the changes in quantity leached between cycle

and The approximated relationship used was

Fe leached ug/g 0.71cycle 41

r2 1.00

The quantity of iron leached during cycle 16 was deter

mined to be less than 0.025 ug/g value of 0.0125 ug/g

was used for this cycle The quantity of iron leached

from the saprolite sample decreased from cycle through

16 following negative power function

Fe leached ug/g 275cycle Y330

r2 0.99

SANDSTONE COMPOSITES

Approximately 25 percent of the sandstone will be removed from

the west end of the pit Phase and 75 percent will be re

moved from the east end of the pit Phase II The quantities

of metals leached from the west and central composites were

averaged in order to estimate the leachability of the Phase

sandstone The central and east composite quantities were av

eraged in order to estimate the leachability of the Phase II

sandstone

The relationship developed to estimate the quantities of met

als that would be leached from the entire mass of sandstone

was formed by adding 25 percent of the west central average

quantities to 75 percent of the east central average
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Chromium

The maximum chromium concentration in the west sandstone

composite was measured in the cycle leachate The

quantity of chromium leached from the west sandstone dur

ing cycle was less than 5.OxlO4 ug/g value of

2.5xlO4 ug/g was used for the cycle quantity The

quantity of chromium leached from this sample decreased

from cycle through 16 following negative power func

tion

Cr leached ug/g 0.055cycle 2h104

r2 0.92

The maximum chromium concentration in the central sand

stone composite was measured in the cycle leachate The

quantity of chromium leached from this sample decreased

in general from cycle through 16 following negative

power function

Cr leached ug/g 0.0057cycle Y150

r2 0.82

The chromium concentrations in the cycle and

leachates collected from the east composite were nearly

identical No value was determined for the cycle

sample The quantity of chromium leached from this sample

during cycle 16 was determined to be less than l.4xlO3

ug/g It is assumed that the cycle 16 value for the cen

tral sandstone composite 6.0x105 ug/g would be similar

to that of the east composite Based upon this assump
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tion the quantity of chromium leached from the east com

posite sample decreased from cycle through 16 following

negative power function

Cr leached ug/g 0.00067cycle 0174

r2 0.74

Cycle and 16 values for each composite were

generated from the equations listed above When the west

and central values were averaged it was found that the

quantity of chromium leached from the Phase sandstone

would decrease from cycle through 16 following

negative power function

Cr leached ug/g 0.029cycle Y.93

r2 1.00

When the central and east values were averaged it was

found that the quantity of chromium leached from the Phase

II sandstone would decrease fromcycle through 16 fol

lowing negative power function

Cr leached ug/g 0.0030cycle y29

r2 1.00

Cycle through 28 data were generated from these func

tions The final values that were used in the model were

formed by summing 25 percent of the Phase values with 75

percent of the Phase II values
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Copper

The maximum copper concentrations in the west and central

sandstone composites were measured in the cycle

leachate The quantity of copper leached from these com

posites decreased from cycle through 16 following

negative power functions

Cu leached ug/g 0.6lcycle y83

r2 0.88 and

Cu leached ug/g 0.012cycle 3.2

r2 0.87 respectively

The maximum concentrations in the east sandstone composite

were measured in the cycle and leachate No values

were determined for the cycle and 16 samples It is as
sumed that the cycle 16 value for the central composite

3.7x104 ug/g would be similar to that of the east com

posite

Cycle and 16 values were generated for the

east and central composites These values combined with

the measured and estimated values for the east composite

were used to generate values for the Phase and Phase II

sandstone The generated negative power functions for

mining Phases and II are

Cu leached ug/g 0.30cycle .78

r2 0.99 and
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Cu leached ug/g 0.0070cycle 099

r2 0.88 respectively

Cycle through 28 data were generated from these func

tions The final values that were used in the model were

formed by summing 25 percent of the Phase values with 75

percent of the Phase II values

Iron

The maximum iron concentration in the west sandstone

leachate was measured in the cycle leachate The quan

tity of iron leached from this composite during cycle

was less than l.OxlC2 ug/g value of 5.0xl03 ug/g was

used for the cycle quantity

The quantity of iron leached from the west sandstone com

posite decreased from cycle through 16 following

negative power function

Fe leached ug/g lO.99cycle Y24s

r2 0.79

The maximum iron concentration in the central sandstone

composite was measured in the cycle leachate The quan

tity of iron leached from the central composite sample de
creased from cycle through 16 following negative power

function

Fe leached ug/g 2.55cycle Y99

r2 0.82
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The iron concentrations in the cycle and leachates

collected from the east composite were nearly identical

No value was determined for the cycle sample The quan

tity of iron leached from this composite during cycle 16

was less than 2.OxlC2 ug/g value of 1.0x102 ug/g was

used for the cycle 16 quantity

The quantity of iron leached from the east sandstone com

posite decreased from cycle through 16 following

negative power function

Fe leached ug/g O.l9cycle _0.76

r2 0.95

Cycle and 16 values for each composite were

generated from the equations listed above When the west

and central values were averaged it was found that the

quantity of iron leached from the Phase sandstone would

decrease from cycle through 16 following negative

power function

Fe leached ug/g 6.63cycle Y231

r2 1.00

When the central and east values were averaged it was

found that the quantity of iron leached from the Phase II

sandstone would decrease from cycle through 16 following

negative power function

Fe leached ug/g l.2lcycle Y61

r2 0.99
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Cycle through 28 data were generated from these two

functions The final values were formed by summing 25

percent of the Phase values with 75 percent of the Phase

II values

TILL COMPOSITES

Approximately 40 percent of the till will be removed from the

west end of the pit and 60 percent will be removed from the

east end of the pit All of the west end till and part of the

east end till will be removed during the Phase operations

For these reasons the quantities of metals leached from the

west central and east composites were averaged to produce

the values used in the model

Chromium

The maximum chromium concentration in the west and east

till leachates was measured in the cycle leachate The

maximum concentration in the central leachate was measured

in the cycle leachate

Three of the values cycle of the west till cycle of

the central till and cycle of the east till were lower

than instumental detection limits The values used in the

calculations were those of the detection limit since these

values are very low

The average quantity of chromium leached from the compos

ites increased from cycle through following positive

power function

Cr leached ug/g 0.00094cycle

r2 1.00
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An inspection of the plotted quantities of chromium

leached versus leach cycle suggested that the quantities

of chromium leached decreased linearly from cycle

through 16 linear decrease was used in the model val
ues used to develop an equation describing the decrease

were 1.4x102 ug/g at cycle and 2.0xl03 ug/g at cycle

20

The values for the quantities of expected chromium that

will be leached during cycles through 28 were generated

using the two equations listed above

Copper

The maximum copper concentration in each of the till com

posites was measured in the cycle leachates The quan

tity of copper leached from these samples decreases in

general from cycle through 16

The average measured quantities for cycles and appear

to be low compared with those for cycles and 16

The average values for cycles and 16 were used to

generate the estimated values for all of the 28 cycles

The equation generated from these data points indicates

that the quantity of copper leached from the till samples

decreases from cycle through 16 following negative

power function

Cu leached ug/g 0.21cycle Y_093

r2 0.90

Iron
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The maximum iron concentration in the west till composite

was measured in the cycle leachate The maximum iron

concentration in the central and east till samples was

measured in the cycle leachates

The maximum averaged quantity of iron leached from the

till samples occurred during cycle The quantity

leached during cycles through increases following

positive power function

Fe leached ug/g O.68cycle 205

r2 0.99

The quantity of iron leached from these samples decreases

from cycle through 16 following negative log function

Fe leached ug/g ll.8Slncycle 348

r2 0.99

The values of the expected quantities of iron that will be

leached from the till during cycles through 28 were gen
erated using these two equations
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Sorption of Iron by the Till Blanket
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The values of iron concentrations in the equilibrating and

final solutions in the soil sorption analyses for the till

sample see TABLE NO 3.5-27 KEIR 6.5-115 were reduced

by 96% in order to obtain the actual dissolved iron concen

trations in these solutions The percentage reduction was

calculated from the results of the bench studies performed

during the design of the wastewater treatment facilities see

KPER p.47

The calculated gains and/or losses of iron by the

till samples were corrected in order to reflect the reduction

in dissolved iron concentrations The revised data are

Equilibrating Final Soil

Solution Solution Gain/Loss

ug Fe/L ug/L ug/L

376 156 4.55

188 96 0.79

94 92

37.6 68 0.28

56 0.51
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Pipe Crushing Calculations
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HANDBOOK OF PVC PIPE

FLEXIBLE PIPE THEORIES

Introduction flexible pipe may be defined as conduit that will

deflect at least percent without any sign of structural distress such as in

jurious cracking Although this definition is arbitrary it is widely used

flexible pipe derives its soil load carrying capacity from its flexi

bility Under soil load the pipe tends to deflect thereby developing passive

soil support at the sides of the pipe At the same time the ring deflection

relieves the pipe of the major portion of the vertical soil load which is then

carried by the surrounding soil through the mechanism of an arching action

over the pipe The effective strength of the pipe-soil system is remarkably

high For example tests at Utah State University indicate that rigid pipe

with three-edge bearing strength of 3300 lb/ft 48.15 kN/m buried in

Class bedding will fail with soil load of 5000 lb/ft 72.95 kN/m How
ever under the identical soil conditions and loading PVC sewer pipe with

minimum pipe stiffness of 46 psi deflects only 5% This deflection is far

below that which could cause damage to the PVC pipe wall Thus in this

example the rigid pipe has failed but the flexible pipe has performed suc

cessfully providing factor of safety greater than 61 Of course in flat

plate or three-edge loading the rigid pipe will support much more than the

flexible pipe This anomaly tends to mislead many would-be flexible pipe

users because they relate low flat plate supporting strength for flexible pipe

to the in-soil load capacity Flat plate or three-edge loading is an appropri

ate measure of load bearing strength for rigid pipes but not for flexible

pipes See Figure 13 for typical pipe stiffness test results

The inherent strength of flexible pipe is called pipe stiffness which is

measured according to ASTM D24l2 Standard Test Method for External

Loading Properties of Plastic Pipe by Parallel-Plate Loading at an arbitrary

datum of 5% deflection Pipe stiffness is defined as

EQUATION 18

PS FILiy

El 6.71E1 6.71Et3
O.559Et3-3

0.149 12r

Where PS Pipe stiffness Lbs/Linin or psi

Force lbs./lin in

Vertical deflection in

Modulus of elasticity psi

Moment of inertia of the wall cross-section

per unit length of pipe in4/Lin in in3

136

is
Is
.5

r-

fl

I..

.3
c1.3
04

ILS

Jr

.4
-15
.4
.5
ft4

H4



APPENDIX

Liner Efficiency and Leachate Head Calculations
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TABLE NO

Leachate Head Feet-Weighted Average

Weighted Average Percent Area of Stockpile
Base Predicted Leachate Head

at Given Percent Base Slope

Area Base

Predicted Leachate
Head Feet

16 16.11 2.58

13 6.40 0.83

10.1 4.43 0.45

5.9 4.43 0.26

15.9 10.02 1.59

13.9 6.42 0.89

25.2 9.08 2.29

Weighted Average Leachate Head Feet 8.89

Prorated for the actual life of the stockpile in these areas

KMINE

13



qT VAN DYNE and AESECiflcS Nests E7e
LINER EFFICiE5Y CALCULATIONS

ANNUAL ADDITIVE HEAL RECHARGE METhDO

FOF kenneotT

ANNUAL INFILTRTICN i2HE

BLANKET PERMEABILITY PEEC
LINER PERMEABILITI 1CJEEC

BLANKET POROSITf

LINER THICKNESS FEET

BASE SLOPE FEET/FOOT

J200.0000 97.014 20.cm/ E.L iISS.0 200.0 8.66

COLLECT1DN CYCLE OCCUR

LEACHATE HEAD AT STEADY STATE CNDITIONS

TO LEAK INTO THE LINER

THE COLLECTION DISTANCE NOTED IS THE MAXIMUM IBTAWCF_ FROM THE LEACHATE

COLLECTION LINE THAT THE STEADY STATE EACHATE HEAD MAY BE F_XRECTED

TO FLOW INTO THE COLLECTION LINE BEFORE NFiLTRATINS TPE LINER

T3 IS THE TINE REOLIRED TO ACHIEVE STEADY STATE LEACHATE HEAL LEVELS

Liner efficiencies aicIaed aru coaputer program nasea on an

original procram deveiope by the Stee Nisonsn3 Bureau of Solid

Waste Management and presertod at the Eight Annual Madison Waste

Conference September 18i9 1985

DRAINAGE DISTANCE

FEET EFFICIENCY

VARIABLE Xl

LEACHATE HEAD

1-

YEARS

16.2522

LIST T3

PEARS FEET YEARS

160.0000 97.602 .R% 2116033 thO.0 6.92

170.0000 97.454 7.36 X1834 170.0 7.36

180.0000 973A7 i9.1215 %I74.95 iS.0 7.79

190.0000 97.ià t.22 hii3i3 1900 8.22

210.0000 96.8B 11174.29 i0.0 9.09

220.0000 96.T22 22.314% 2uI.C o.o

230.0000 96.577 23 355 c.9 .25.7 230.0 9.95

240.0000 56.431 %4343g Y.1%0 240.0 10

250.0000 96.256 25.4S3 10.82 lIflS.75 250.0 10.82

NOTE

TI IS THE TIME FOR ONE CDMPLETE

T2 IS THE TIME FOR THE AVERAGE

.4

it

14



DRAINAGE

FEET

VARIABLE

LJCJ kenrccctz

ANNUAL ILTAT1O1 ICPES

BLANKET PERMEABJ

INEF FERMEAELiT

BLANKET FOROS.IT

LINER THiCNESE FEET

BASE SLOPE FEET/F07

DISTANCE

EFFICIENCY

Sfl

1.57

J1I0.000 .3D7 .4222 .32 ooj4 10.0 1.52

L.t/UiU i.rv1

os C3FTTE 3_LECT1O LE TE OCCUR

THE AVESASE LEACHATE HEAD STEADY STATE CONDITIONS

TO LEAK IC Tk LINES

ThE COLLECTION DISTANCE NOTED lB TUE NitCM OISTANCE FROM THE LEACHATE

COLLECTIO LINE THAT TE STEAD STATE LEACHATE HEAD MPY BE EXPECTED

TO FLOW INTO THE CCLLECT1ON LINE BEFORE INFILTRATING THE LINER

T3 IS THE TIME REOUIPED TOACIEVE STEADY ETATE LEACHATE HEAD LEVELS

Liner efcciencies ceIcIated .iSlflO copputer proqra.s based on an

oriqinal proraa deeione te tute c4 uscnsin Bureau of SoIi

Waste Manacesent an nresened at gt nnnuai Manson Waste

Conference Septeeber ISit i2

Jz 212 æCEtE tnenv

3WtLY uCjiiE iEAi EuA2E

EARS FEET YEARS

LEACHATE HEAD

80.0000

90.0000

100.0000 5.4ID

130.0000 91.24 T.1242 C4.S7 130.o 2.17

140.0000 9.1S .53A 1AC0 40.0 2.33

150.0000 .i25 C5.4 15.6.6 2.50

161.6000 99.067 5.2542 2. c55.TT 63.0 2.s7

NOTE

Ti IS THE TIME FOR

T2 IS HE TIME FOR

I5



P8TH VAr DYE eec ASSOCIATES/Waste Enersy Livieco9

LINER EFFI8IENOY fliCT1ThE

ANNUAL ASDITIVE ED RECHfRBE METHOD

FOR kernectt

ANNUAL INFILTRATION NNEEI

BLANKET FESNEABILITY CM/SECI

LINER PERNEAB.iL117 CM/EEC

BLANKET POROSITY

LINER T4ICKESS FEET

BASE SLOPE FEET/FOOT

5OFt.25

t3
Z1074.lt

100.0

110.0

120.0

263

2.95

3.22

io2.3.ic 130.0 3.9I

Z1090.49 140.0 3.76

UAtT.20 150.0 4.03

ILM

XlI2.34 170.0 4.56

130.0 4.33

I245i 190.0 5.10

-nfl

TI IS THE TIME FOR DiE flLETE 2LVT0N CYCE TC OCCUR

T2 IS THE TIME FOR THE AVESAEE EAHATE HEAD AT STED STATE CONDITIONS

TO LEA1 INTO THE

THE COLLECTION DISTANCE NOTED HE DISTArCE PON THE LEACHATE

COLLECTION LINE THAT THE STEADY STArE LEHHsE ED MAY BE EXPECTED

TCCLON frTwEr LT_IN2P
T3 15 THE TIME REQUIRED TO ACHIEVE STEADY TATE LEACHATE HEAD LEVELE

Liner efticiencees calculated usip.a cesuter roc-ras eased on an

oriqra croerae develories te 3-tate tecenein Bureau of Solid

Waste Manaqeaent ann preeotad toe El7nt OOLAI Iladison Waste

Conference Septeet-er iSH -19-35

.00

.3549

COLL 51ST T3

YEAPS FEET YEARS

DRAINAGE DISTANCE

FEET EFFICIENCY

IVARIABLE

100.0300 99.061

110.OOUU 99.967

120.0000 93.374

1130.0000 99.731

140.0000 93.585

150.0000 95595

160.0000 98.503

170.0000 93.410

180.0000 93.35

190.0000 3.225

200.0000 98.133

NOTE

LEACHATE HEAD

FEET

10.3475

11

i2.319-S

lii fl1i

349

16



fL
LiJEP CCFTCICMW RLLTIcS

AN1AL 51TiLE itRL iECpf3E ETHCD

FOR kernectr

ANNUAL

BLANKET PERMEABILITY .CjSEC1 301

LINER PERMEAB1LITV xsc IEl

BLANKET POROSITY

LINES .ES FEETI

EASE SLOPE cPEETFCCT

DRAINASE DISTANCE

FEET EFFICIENCY LEACHATE 12 COLL DIET T3

VARIABLE FEET IVEARS 1iEARS FEET 1EARB

80.0000 p9796 4.4250 0.tB cr7.95 80.0 0.58

90.0000 99.771 4.4250 0.eS 56.7.83 90.0 O5
100.0000 99.745 4.425g 2.73 567.88 100.0 0.73

110.0000 99.720 4.4250 0.50 567.82 113.0 050

1120.0000 99.694 .v 0.27 56783 130.0 0.87

130.0000 99.669 4.4250 0.94 967.32 130.0 0.94

140.0000 99.643 44c37 1.32 570.04 140.0 1.02

1S OO0 0t1L tt

160.0000 59593 L2 160.0 1.16

NOTE

T1 IS THE TIME FOR ONE hE7E OCLLEIS TTE TO CCLR

112 IS THE TIME FOR ThE OrESOSE _E.ZTATE EAL STEAIi STATE CONDITIONS

LE4Y INTO THE

THE COLLEETION OISTANiE NOTE IE TiE MAXC1 SISTANCE PROh THE LEA.CHATE

COLLECTION LIKE 74T 7U STEASy ERTE LEOTE HEAt MAt BE EXPECTED

TO FLOW INTO THE COLLECTION LINE EFORE LIFILTRATINS RE LINER

T3 IS THE TIME REOU1REO TO ACHIEIE SEA ETE E4.TE HEAD LEVELS

Liner eficiencies alzuiatc-U si
csoiter rsarae based on an

criqinal prcqran deeioped iv the State escsnsn4 Bureau of Solid

Waste Maraqeeent art cresertnd at the Elont ei Matison Waste

Conference Septeoter 59 lvS5

17



ROTH vAN DY AE.SOCATES Waste Enenv D00ision

LINER EFFiCIENC CALCLLPT1JNS

ANNUAL ADDITIVE HEOD RECHAREE THOD

rUN kennecot

INFlLTATl3 INCHE5

BLANKET PERMEABILITY CMiEEC .001

LINEN FEEMEABILITY CHSEC 111

BLANKET POROSITY .3

LINER THICKNESS FEET .0649

BASE ELCFE FEET/COOTI 6445

DRAINAGE DISTANCE

FEET EFFICIENCY LEACHATE HEAD 71 LOLL 01ST T3

IVARIABLE fl FEET YE00S YEARS FEET YEARS

100.04W0 59.751 4.4250 c.c 9oS.5 100.0 0.62

110.0000 99.759 4.4230 0.3 569.15 100.0

120.006th c077 4.4250 0.75 EoS.IT 20.0

130.0000 99.715 4.4250 .5 %B.5 130.0

140.0066 99.693 4.4256 0.97 65.15 40.0 6.37

1150.0000 9.671 4.4250 150.0 6.94

160.0000 9.49 4.4250 1.00 969.15 160.0 .00

170.0000 99.627 4.6794 I.O 976.04 t70.0 1.06

180.0000 99.606 094 L1 002.99 190.0 1.12

190.0000 99.594 5142 1.9 SS.72 190.6 1.19

200.0000 9v.562 5.2995 1.25 993.73 200.0 1.25

NOTE

Ti IS THE TIME FOR ONE flMETE CJLLECo CYCLE OCCUR

T2 IS THE TIME FOR THE AVERAGE LEACHATE HEAD AT STEADY STATE CONDITIONS

TO LEAK INTO THE LINER

THE COLLECTION DISTANCE NOTED IS THE MAXIMUM DISTANCE FROM THE LEACHATE

COLLECTION LINE THAT THE STEADY STATE LEACrATE HEAD MAY BE EXPECTED

TO FLOW INTO THE 23L_ECTION LINE BEFORE INFILTRATING THE LINER

T3 IS THE TIME REOU1RED TO ACHIEVE STEADY STATE LEACHATE HEAD LEVELS

Liner efficiencies caiculatea usinp coacuter progras based on an

orisinal program developed by the State of Nisconsen Bureau of Solid

Waste Management and presented at ftc Eipcz 00r uai Madeson Waste

Conference4 September 19194 1955
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FOR kenrectt

ANNUAL INFILTRATION iNtHEE

BLANKET PERMEABILITY CM/SEC

LINER PERMEABILITY CM/SEC

BLANKET POROSITY

LINER ThICKNESS FEET

BASE SLOE FEET ICOT

FOTH VAN OWE arid ASSOCIATES Naste Enorqv oi/ior

LINER EFFICIENCY CLCULATIONE

ANNUAL ADDITIVE dEAD RECi4ARSE METHOD

15.93

IEIl

0049

024

12 CULL 01ST 13

DRAINAGE DISTANEE

FEET EFFICIENCY

VARIABLE

LEACHATE HEAD

FEET YEARS YEARS FEET YEARS

100.0000 99.5Th 5.1831 1.21 989.34 100.0 1.21

110.0000 99.533 5.5136 1.3 9S.6l 110.0 1.33

120.0000 5941 Z756 .45 U005.54 120.0 1.45

130.0000 99.449 AJr27 1.57 U0ii.4 130.0 1.57

140.0000 99.407 o.2219 .59 140.0 1.69

150.0000 99.3o4 6.3950 1.31 Uo19.67 150.0 1.811

160.0000 99.322 545 1.3 Z1023.00 160.0 1.93

170.0000 99.280 .7950 2.05 170.0 2.05

180.0000 99.235 7.481 2.13 U035.45 180.0 2.18

190.0000 99.196 7.4640 2.30 U041.6 190.0 2.30

200.0000 99.154 7.7484 2.42 U046.94 200.0 2.42

NOTE

111 15 THE TIME FOR ONE COMPLETE COLLECTION CYCLE TO OCCUR

T2 IS THE TIME FOP THE AVERASE LEACHATE HEAD AT STEADY STATE CONDITIONS

TO LEAK INTO THE LINER

THE COLLECTION DISTANCE NOTED IS THE MAXIMUM DISTANCE FROM THE LEACHATE

COLLECTION LINE THAT THE STEADY STATE LEACHATE HEAD MAY SE EXPECTED

TO FLOW INTO THE COLLECTION LINE BEFORE INFILTRATINS THE LINER

T3 IS THE TIME REOUIRED TO ACHIEVE STEADf STATE LEAEHATE HEAD LEVELS

Liner efficiencies calculated usn oecuter proqram based on an

original progras developed by the Stats of 4isconsin Bureau of Solid

Waste Manaqement and presented at the Eiht AnuaI Madison Waste

Conference Septeaber 1819 1955
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rOTH VAN DYNE era iSSOCIATEE acNe Enrcv Division

LINER EFCIENCY CALCULATIONS

ANNUAL ADDITIVE HEAD RECHARGE TETNOD

FOR kernecott

ANNUAL iNLTRATlON INCHES 15.93

BLANKET PERMEAB1L1TI CM/SEC

LINER PERMEABILITY CMiSEC

BLANKET PORDETY

LINER THICKNESS FEET

BASE SLOPE FEET/FOOT

DRAINAGE DISTANCE

FEET EFFICIENCY

VARIABLE

LEACHATE HEAD

FEET

CM
YEARS

01ST

FEET

T3

YEARS

390.0000 6.7O1 9.5E 31200.56 350.0 9.58

392.0000 9a.6S5 7.411 31201.45 392.0 9.43

394.0000 96.6o8 S.o 312C203 394.0 7.68

396.0000 94.652 23.2245 5.73 U202.6.2 3.96.0 9.73

FOR ONE COMPLETE CDLECT1OH C4CLE TO OCCUR

FOR THE AVERAGE LEACHATE HEAD AT STEADY STATE CONDITIONS

TO LEAK INTO THE LINER

THE COLLECTION DISTANCE NOTED IS THE MAXIMUM DISTANCE FRJM THE LEACHATE

COLLECTION LINE THAT THE STEADY STATE LEACHATE HEAD MAY BE EXPECTED

TO FLOW INTO THE COLLECTION LINE BEFCRE INFILTRATING THE LINER

T3 IS THE TIME REO-UIF.ED TO ACHIEVE STEADY ETA.TE LEACHATE HEAD LEVELS

Liner eftjcuencies calculated usans capuDer arcrac based on an

original orograrn developed the State Wisconsin3 Bureau ofSoiid

Waste Manapenent and presented at Nra Eaaht Annual iiaisor Waste

Conference3 Septesper i59 1955

.001

it_li

0049

.UiI8

Ii

.3

.3

400.0000 96.618

398.0000 94.455 -iT3 31202.19 398.0 9.78

404.0000 96.585

73 400.0 9.83

402.0000 94.602 .EE 31204.30 402.0 9.88

23.5914 9.93 31204.85 fl40 9.93

406.0000 6.569 995 31205.39 406.0 9.98

NOTE

Ti IS THE TIME

T2 IS HE TIME

hO
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APPENDIX

Supplier and Installation Specifications
for HDPE Lining Material



TYPICAL SPECIFICATIONS FOR HDPE LINING MATERIAL
SUPPLY AND INSTALLATION

1.0 GENERAL

1.1 This specification defines the requirements for High
Density Polyethylene HDPE lining membranes material
installation and quality control

1.2 Lining material samples manufacturers certificates of

compliance for material and specifications and
Installation Contractors Quality Control/Quality
Assurance Manuals for installation shall be submitted
with the lining Installation Contractors bid for review

copy of the lining manufacturers Quality Control
Manual shall be submitted for approval

1.3 Any alternatives or exceptions to this specification
shall be submitted in writing to the Owners
Representative and shall receive the Owners written

approval prior to implementation in the work

1.4 within 15 calendar days following award of contract the
Contractor shall submit shop drawings showing as
minimum

Layout of liner system
Details of joining and seaming liner system
Details of liner anchorage system
Details of connecting liner to concrete
Details ot liner penetration systems

2.0 LINING MATERIAL

2.1 The membrane liner shall be high quality formulation
containing approximately 97% polymer and 3% carbon black

with antioxidants and heat stabilizers It shall be
warranted to resist ultra violet rays for period of 10

years

2.2 The membrane liner shall consist of polyethylene resin
of new first-quality product designed and manufactured
specifically for the purpose of liquid containment in

hydraulic structures

December 27 1989
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2.3 The liner material shall be so produced as to be free of

holes blisters undispersed raw material or any sign
of contamination by foreign matter The Installation

Contractor shall be responsible for visually inspecting
the sheet surface during unrolling in accordance with

approved Quality Assurance procedures Any faulty areas

or defects shall be marked Any such defect shall be

repaired using extrusion or fusion welding techniques

approved by the Owners Representative

2.4 The material provided as high density polyethylene

HDPE 60 mil liner shall meet or exceed the minimum

requirements as stated in the National Sanitation
Foundation NSF Standard Number 54 as well as the

manufacturers published minimum specifications The
minimum standards as listed in Table 2.4 shall be met

3.0 OUALITY ASSURANCE MATERIALS

3.1 Prior to delivery of the HDPE material to the job site
the fabricator or manufacturer shall submit certificates

of compliance with the HDPE material properties
requirements of this specification for compliance and

acceptance to the Owners Representative

3.2 Acceptable Certification of compliance will require two

levels of documentation consisting of the following

3.2.1 Raw Material Certification

These documents will state the origin
identification brand name and production

dates of the resin as well as quality control

certificates noting density and melt index
results The liner manufacturer shall include

reports of tests conducted by them to verify

quality of the resin

3.2.2 Geomembrane HDPE Liner Manufacturers

Certification

Documents are to include properties
specifications description of base polymers
sampling procedures and results of testing done

during fabrication guarantee that the HDPE
sheet meets the property values as listed in

paragraph 2.4 is required

December 27 1989
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TABLE 2.4

PROPERTY TEST METHOD VALUE UNITS

Density mm ASTM Dl505 0.935 gm/ccm

Thickness ASTM D-1593 60 mils

10%

Strength ASTM D-638

Properties mm Type IV

Tensile

Break 180 lb/in of

Yield 120 width

Elongation
Break 500

Yield 10

Modulus of

Elasticity ASTM D882 80000 lb/sq.in

Tear Resistance ASTM D-1004 45 lb
Initiation mm Die

Puncture
Resistance FTMS lOlB 175 lb

Coefficient of
Linear Expansion ASTM D696 0.00012 çerdeg.C

Hydrostatic
Resistance ASTM D751 315 psi

Method
Procedure

Water Absorption ASTM D-570 0.1 max

weight
change

Melt Index max ASTM D-1238 0.3 Crams/lU
mm

Environmental Stress ASTM D-1693 1500 hours
Crack

Carbon Black ASTM D-1603 2.0% mm
Content

Bonded Seam Strength Equal or greater than
base membrane

December 27 1989
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4.0 STORAGE AND HANDLING OF MATERIALS

4.1 All HDPE rolls shall be stored and handled per the
manufacturers specifications and quality assurance

procedures in such manner as to prevent damage to any
part of the product Field stored rolls will be placed
on supports to protect material from sharp rocks sticks

and debris

4.2 The Installation Contractor shall be responsible for

inspection of the sheet rolls at the jobsite Should
rolls show damage from transit they will be identified

by the Contractor for acceptable repair or return to

supplier

During unrolling of the lining material the Installation

Contractor will carry out visual inspection of the sheet
surface Any faulty areas shall be marked and repaired
in accordance with approved quality control and assurance

procedures by the Installation Contractor to the

satisfaction of the Owners Representative

5.0 INSTALLATION

5.1 Subgrade preparation by the excavation Contractor for the

Type II Stockpile fuel storage area crushed ore

stockpile area and ponds by the Contractor must insure

that the surfaces to be lined are smooth and free of

rocks stones sticks sharp objects and debris The

Installation Contractor shall certify that the surface

on which the membrane is to be installed is acceptable
before commencing work For the duration of the HDPE

liner installation it shall be the Installation

Contractors responsibility to maintain the surface at

design conditions Should the surface become damaged by

storm runoff or conversely dried to the point such that

cracking may develop the installation shall cease until

such time that the subgrade is modified in accordance

with the specifications and deemed acceptable by the

Owners Representative

5.2 Installation shall be performed under the direction of

Field Engineer who has installed minimum of 2500000
square feet of HOPE flexible lininq material The Field

Engineer shall be provided by the Installation

Contractor and shall be in charge of the installation

December 27 1989

J4



5.3 Handling of the geomembrane panels during placement
should be done without damaging scratching or crimping
the geomembrane All panels should be placed with

minimum amount of wrinkles Panels should be properly

weighed or anchored using sandbags or other approved
methods to avoid uplift or damage due to the wind
Geomembrane panels should not be placed in excessive

winds All personnel working on the geomembrane shall
not smoke wear damaging shoes or engage in other

behavior which could damage the geomembrane

5.4 To compensate for wrinkles shrinkage/expansion and

material overlap Contractor must indicate at time of

tendering percentage allowance computed in his material
takeoff

5.5 Field Seams

5.5.1 Individual panels of HDPE liner material shall

be laid out and overlapped prior to welding
Seams shall generally be oriented along not

across the line of prevailing slope Extreme
care shall be taken by the installer in the

preparation of the areas to be welded The
area to be welded shall be cleaned and prepared
according to the procedures outlined by the
material manufacturer All sheeting shall be

welded together by an extrusion or fusion

process or an approved equivalent method
Contractor shall define and detail method used
in fusion of panels proposed for liner

installation sample weld shall be made by
each welder prior to commencement of field

welding each day The weld samples shall be

tested in shear and peel to meet specification

requirements by the Installation Contractor
Two samples minimum shall be taken during each

shift

5.5.2 The fusion welding equipment used shall be

capable of continuously monitoring and

controlling the temperatures in the zone of

contact where the machine is actually fusing
the lining material to ensure changes in

environmental conditions will not affect the

integrity of the weld For extrusion welding
the extruder shall be equipped with

temperature gauge at the barrel and nozzle
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5.5.3 No fish mouths shall be allowed within the
seam area Where fish mouths occur the
material shall be cut overlapped and an

overlap extrusion weld shall be applied All
welds on completion of the work shall be

tightly bonded Any membrane area showing
damage due to scuffing puncture or distress
caused by the Installation Contractor shall

be replaced or repaired with an additional

piece of HDPE membrane at the expense of the
Installation Contractor

5.5.4 Fusion of panels and repairs will only be

permitted under weather conditions allowing
such work and within the warranty limits

imposed by the liner manufacturer

5.6 All sheets shall be laid in place and overlapped the

proper amount as recommended by the manufacturer for

lap seams as they are unrolled During unrolling of the

HDPE sheets the Installation Contractor shall carry out
visual inspection of the sheet surface Sheets shall be

placed in the correct locations with minimum of sliding
over the subgrade Any faulty areas shall be marked and

repaired by Installation Contractor Adequate temporary
anchorage shall be immediately placed on the edges of

any sheets that are unrolled and subject to displacement

by wind The Installation Contractor shall be

responsible for repairing or replacing any HDPE liner
that is damaged by wind prior to completion of the

installation The liner shall not be seamed when in the

judgement of the Installation Contractor or Engineer
weather conditions will preclude seaming within the
manufacturer warranty conditions

5.7 The anchor trenches shall be excavated minimum of

feet from the dike edge toward the dike centerline The
trench installation will be the responsibility of the

Installation Contractor The length of the open trench
should not exceed the amount of liner to be placed in

days unless approval in writing has been obtained from

the Owners Representative The anchor trench shall be

only partially backfilled after geomembrane placement
Compaction of the backfill shall begin after new HDPE

and/or geomembrane has been welded to the existing liner
and the geomembrane has experienced at minimum

expansion/contraction cycles due to the temperature

changes
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Final backfill shall be placed in thin lifts not to

exceed inches in loose thickness and shall be compacted
with hand operated compaction equipment to minimum of
90% of the maximum dry density modified Proctor test

ASTM 1557 The total weight of compaction equipment
should not exceed 300 pounds The backfill shall be

fine sand SP free of any debris sticks gravel or
material greater than 3.0 inches in diameter The
Owners Representative shall be informed prior to the

final anchor trench backfill and compaction

6.0 FIELD SEAM TESTING/QUALITY CONTROL

6.1 The installer shall employ on-site physical non
destructive testing on all welds to ensure watertight

homogeneous seams on continuous basis as installation

proceeds Each seam shall under the observation of the
Owners Representative be tested by vacuum methods with

minimum vacuum pressure of psig applied for not less

than 30 seconds or by pressure testing at 30 psig with
maximum allowable drop of no more than psig in

minutes or by an approved equivalent method Visual

inspection alone is unacceptable Any nondestructive
tests that fail will be repaired

6.2 The Owners Representative and the Installation

Contractors Quality-Control Technician or Field Engineer
shall inspect each seam Any area showing defect shall

be marked and repaired in accordance with these

specifications and approved HDPE repair procedures and

retested

6.3 test weld three feet long from each welding machine

shall be run each day prior to liner welding The test

weld shall be marked with date ambient temperature and

welding machine number Samples of the weld shall be cut

from the test weld and tested in shear and peel Welds

shall have seam strength of 90 percent of the tensile

strength of the parent material Peel tests shall have

film tearing bond failure Seams shall be stronger
than the material The weld sample shall be kept for

subsequent testing on laboratory tensiometer equipment
in accordance with the applicable ASTM standards Random

weld samples will be removed from the installed welded

sheeting at frequency of test per 500 lineal feet of

seam and shall be tested in laboratory in accordance

with the aforementioned procedures
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6.4 For field seams that fail nondestructive or destructive

tests the seams may either be reconstructed between the
failed and any previously passed seam location or the
Contractor may go on either side of the failed seam take
additional samples for testing and if these pass
reconstruct the seam between the two locations In all

cases the repaired seams shall be bounded on either side

by passed test locations All repaired seams must be
retested as per Section 6.1

7.0 QUALITY ASSURANCE REPORTS

The Owners Representative shall submit reports of

observations and tests to the Owner The reports shall be
submitted to the Owner in timely fashion

copy of all test results will be maintained at the
construction site

Test reports shall include but not necessarily be limited to

Thickness of geomembrane test each roll

Density of geomembrane test each roll
Melt Flow Index

Tensile Strength yield and break strength
Percentage Elongation percentage yield and break

Peel Testing of Welds
Shear Testing of Welds

The results shall include the following

Date issued

Project title and number
Date of testing and or/sampling
Type of test
Location of test
Observations regarding compliance or noncompliance
with plans and specifications

Upon completion of construction the Owners Representative
shall submit final quality assurance report verifying that
the project was completed in accordance with plans and

specifications and presenting all tests as-built plans and

other supporting data

December 27 1989

J8



APPENDIX

Design/Operations Manual for OneTime
Demolition Waste Disposal Facility

for the Flambeau Project



DESIGN/OPERATIONS MANUAL
FOR ONE-TINE DEMOLITION WASTE DISPOSAL FACILITY

FOR THE
FLANBEAU PROJECT

Prepared for

FLANBEAU MINING COMPANY

Prepared by

FOTH VAN DYKE and Associates Inc
2737 Ridge Road

Box 19012
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1.0 INTRODUCTION

Flambeau Mining Company Flambeau wholly-owned subsidiary of

Kennecott Corporation is proposing to develop copper mine near

Ladysmith Wisconsin As part of the project numerous federal

state and local environmental construction building and

safety permits and approvals will need to be obtained One step

in the permitting process is the issuance of written plan

approval by the Wisconsin Department of Natural Resources WDNR
for one-time disposal site under NR 502.12 for demolition and

construction materials generated during the reclamation of the

mining site Given the fact that less than 10000 cubic yards

of such material will be placed in the proposed site and the

fact that the life of the site will be six months or less the

provisions of NR 502.12 apply to the approval construction

operation and closure of the proposed site This report and

accompanying engineering drawings provide the general facility

geological hydrogeological topographic engineering and other

information needed by the WDNR for their review and approval of

the facility With this application Flambeau is requesting

that the WDNR approve its proposed one-time demolition waste

disposal facility

Some of the information required in this application has been

previously or simultaneously submitted to the WDNR in the

projects Environmental Impact Report or the Mining Permit

Application In an effort to avoid duplication such

information when appropriate is included in this application

by reference The references are specific to section and

drawing numbers to aid the reviewers in completing their work

By November 17 1989 letter Appendix WDNR concurred with

this approach
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The proposed disposal facility is to be located in the

northeastern settling pond within the proposed mining site area

Figure No 12 of the Mining Permit Application shows the

location of the mining site while Figure No 4-1 of that

document shows the location of the northeastern settling pond in

relation to other project facilities

This report is divided into five parts Section 1.0 discusses

the purpose and scope of the project Section 2.0 includes

description of the site discussion of alternatives and

identifies the project owner and contact Section 3.0 describes

the physical characteristics of the site including site

topography hydrology geology and hydrogeology The subsurface

investigation programs are also discussed with pertinent data

provided or referenced Section 4.0 discusses design criteria

waste volumes site closure and monitoring Section 5.0

presents report conclusions regarding the suitability of the

proposed site for its intended purpose
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2.0 GENERAL FACILITY INFORMATION

2.1 Project Title Owner and Contact

Project Title Flambeau Project

One Time Demolition Waste Disposal

Facility

Primary Contact Lawrence Mercando

Project Manager

Flambeau Mining Company

10 East South Temple

P.O Box 11248

Salt Lake City UT 84147

801 3228460

Engineering Consultant Foth Van Dyke and Associates Inc

Geosciences and Environmental

Management Group

2737 Ridge Road

P.O Box 19012

Green Bay WI 543079012

414 4972500

Facility Owner and Operator Flambeau Mining Company
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2.2 Site Description Property Ownership and Miscellaneous

Information

The proposed one-time disposal facility is located in the NE 1/4

of Section T34N R6W Town of Grant Rusk County Wisconsin

The proposed site is located just south of the City of

Ladysmith The property the site is located on is owned by

Flainbeau Mining Company Section 4.6.3 and Figure No 24 of

the December 1989 Mining Permit Application for the Flambeau

Project Mining Permit Application can be referred to for

property ownership information

The proposed landfill area will occupy approximately 0.9 acres

and have site life of six months or less The proposed site

has design capacity of 7500 cubic yards

The site will be opened filled and closed as part of

reclamation activities associated with the Flambeau project

Waste types include concrete from retaining walls footings and

slabs bituminous surfaces from parking lots and access roads

riprap culverts the site septic tank or holding tank and

miscellaneous material from the demolition of on-site buildings

2.3 Alternatives

Alternatives to the proposed facility include the salvaging of

the material requiring disposal or disposal at another licensed

facility Each alternative is discussed below
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As part of the mining site reclamation plan significant

amount of recycling or reuse of onsite machinery or building

equipment will take place Such efforts consist of the

salvaging of buildings railroad rails and ties equipment

tanks and the pit itself through backfilling efforts The

materials to be placed in the proposed facility consist of those

for which salvaging or recycling are not economical or

practicable

There are currently two licensed landfills located within

55-mile radius of the proposed site One owned by Rands

Disposal is 50000 cubic yard demolition landfill located

approximately 1/2 miles southeast of Ladysmith This facility

has an expected site life of five or six years Therefore this

landfill will be closed prior to the time the disposal of

demolition material from the proposed mining project will be

required The second site is the Lake Area Disposal Sanitary

Landfill which is 978000 cubic yard municipal solid waste

landfill located in Washburn County approximately 55 miles to

the northwest of the proposed mining site This facility has

site life of over 14 years beginning from the fall of 1988

The unavailability of demolition landfill space in the immediate

area and the extremely long haul distance to the nearest

municipal landfill indicates that viable disposal alternatives

do not exist Therefore definite need to develop the

proposed facility exists

2.4 Initial Site Inspection

As per Nfl 502.12 an initial site inspection is to be

conducted by the WDNR prior to submittal of the project report

As per letter dated November 17 1989 from the WDNR to Foth

Van Dyke Appendix the Nfl 502.12 requirement has been
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fulfilled through the numerous on-site inspections conducted by

WDNR personnel over the course of the development of the mining

project
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3.0 SITE GEOTECHNICAL INFORMATION

3.1 Overview of Site Geology and Hydrogeology

The proposed disposal site primarily overlies an area

characterized by pitted glacial-fluvial sediment This area
shown as Area on Figure No 3-1 of this report is generally

at an elevation of 1120 to 1130 feet As shown in cross
section on Figure No 3.5-5 of the April 1989 report titled

Environmental Impact Report for the Kennecott Flambeau Project

EIR the site area is underlain by coarse-grained glacial
fluvial sediment The glacial-fluvial sediment is irregularly

bedded and stratified very poorly sorted and typically

contains cobbles and some large boulders The coarse texture

and poor sorting probably indicates the sediment was deposited

by melt water near the margin of the ice sheet After recession

of the ice margin the Flambeau River cut into the glacial
fluvial sediment

Underlying portion of the eastern end of the site and to the

east of the site lies Area dissected terrace surface which

occurs typically at an elevation of 1140 feet The surface is

an erosional feature cut into silty sand till with some

deposition of glacial-fluvial sediment at the surface The

surface may have been formed by glacial meltwater which eroded

broad channel into the till surface Later glacial-fluvial

sediment was deposited as meltwater flow subsided

Between the site and the Flambeau River is Area low

relatively flat area at general elevation of 1100 to 1110
feet Area is underlain by poorly sorted glacial-fluvial

sediment that is covered by recent fine-grained alluvial

sediment at the surface The surface was formed by the

meandering Flambeau River in recent time
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Beneath all these features lies five to tenfoot layer of

Cambrian sandstone typically medium grained and very poorly

cemented Beneath this unit are Precambrian metavolcanic rocks

These are schistose rocks occurring in layers that strike N45E
and dip 70NW Beneath the site they are generally relatively

soft and highly altered with poorly developed fracturing

Depth to groundwater beneath the base grade of the one time

disposal site under post reclamation equilibrium conditions is

expected to stabilize in the range of 15 to 22 feet At that

time the groundwater flow direction will be westward toward

the Flambeau River Previous to this as the water table

recovers from the mining cone of depression the flow direction

will have southerly component toward the center of the

backfilled pit

As described in the EIR flow rates in the glacial-fluvial

sediment will probably be on the order of 0.60 feet per day As

shown in the EIR this is based on logarithmic mean

permeability of 2.1 lO cm/sec present-day hydraulic

gradient of 0.02 ft/ft similar to what is predicted under post

reclamation equilibrium conditions and an effective porosity

of 20 percent

3.2 Site Topography and Hydrology

The proposed onetime disposal area lies on the west side of the

proposed mining site Figure Nos 2-2 and 4-1 of the Mining

Permit Application show site topography at scale of one inch

equals 600 and 400 feet respectively The existing ground

tends to slope to the west toward the Flambeau River Drainage

from the proposed disposal area will tie into swale that flows

to the west Mining site topography one-inch equal to

200 feet and settling pond location are also shown on Figure

No 47 Site Grading and Drainage Plan South and Figure

871102
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No 4-14 Site Grading and Drainage Plan North of the Mining

Permit Application drawings Site specific topography at

scale of one inch equals 100 feet is shown on Figure No 4-1 of

this report

Figure Nos 4-1 4-7 and 4-14 of the Mining Permit Application

show drainage patterns for the mining site in addition to

adjacent roads homes and water courses Figure No 3.62 of

the EIR shows water supply wells in the vicinity of the mining

site Figure No of Appendix 3.8-C of the EIR shows wetlands

in the vicinity of the mining site Site specific hydrology is

discussed in detail in Sections 3.7.2 and 3.7.3 of the EIR

3.3 Subsurface Investigation Programs

An extensive geotechnical investigation of the area has been

completed for the Flambeau Project mining site The

investigations are presented in Section 3.5.1 of the EIR

prepared by Foth Van Dyke and Associates Inc Soil borings

used to describe the geology of the proposed site are MW-l004

ST93 ST920 ST965 ST966 and ST967 Grain size

reports and soil boring logs can be found in Appendices 3.5-B

and 3.5-D of the EIR

Numerous groundwater monitoring wells were installed as part of

the EIR to define the water table surface and hydraulic

gradients for the mining site Well construction diagrams and

well development forms can be found in Appendix 3.5-D of the

EIR The locations of the soil borings and monitoring wells are

shown on Figure 3.52 of the EIR
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3.4 Site Geology and Hydrogeology

detailed report of site geology is presented in Section 3.5 of

the EIR Ten geologic cross sections are presented in the EIR

to illustrate site geology Of these four pass through or are

in the vicinity of the proposed demolition site area These are

geologic cross sections BB C-C EE and G-G They are

shown on Figure Nos 3.5-4 3.5-5 3.5-7 and 3.5-9 of the EIR

The geologic cross section location map is shown on Figure

No 3.5-2 of the EIR

On April 1988 and September 1988 Foth Van Dyke measured

the groundwater elevations in the monitoring wells and

piezometers on the mining site These elevations were used to

construct both high and low groundwater table contour maps

Figure Nos 3.64 and 3.6-5 of the EIR depict these groundwater

contour maps

3.5 Soils of the Project Area

For detailed description and interpretation of the soil

conservation service soil map refer to Section 3.5.3.2 of the

EIR Figure No of Appendix 3.8-C of the EIR shows the soil

boundaries and unit names discussion of surficial geology

and presentation of site grain size analyses is presented in

Section 3.5.3.3 of the EIR

3.6 Groundwater Quality

The groundwater quality of the proposed area is discussed in

detail in Sections 3.6.2.6 and 3.6.4 of the EDt Please refer

to this section for intonation pertaining to this topic
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4.0 ENGINEERING DESIGN

4.1 Location and Performance Criteria

MR 502.122 requires onetime disposal sites to meet the

location and performance criteria specified in NR 502.04 unless

an exemption is provided As discussed below the proposed

demolition site meets all required location and performance

criteria

MR 502.042 The proposed facility is flQt located within

1000 feet of navigable lake pond or flowage

300 feet of navigable river or stream

flood plain

1000 feet of the nearest edge of rightof-way of

state trunk highway interstate or federal aid primary

highway or the boundary of public park

Does not apply since the facility is not to be used

for handling putresible waste

1200 feet of public or private water supply well

See Figure No 3-1

MR 502.043 There is jp reasonable probability that the

facility will cause

significant adverse impact on wetlands

significant adverse impact on critical habitat areas
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detrimental effect on surface waters

detrimental effect on groundwater quality or will

cause or exacerbate an attainment or exceedance of any

preventative action limit or enforcement standard at

point of standards application as defined in NR 140

The migration and concentration of explosive gases in

any facility structures or in the soils or air at or

beyond the facility property boundary in excess of

25 percent of the lower explosive limit for such gases

The emission of hazardous air contaminants exceeding

the limitations for those substances contained in

NR 445.03

4.2 Design Criteria

The design of the proposed one-time disposal facility was based

on the criteria specified in NR 502.125a and

and NR 502.13 and The site was located to

best utilize the proposed mining plans construction facilities

This will allow minimum of berm construction while allowing

final grades to be sloped to the west to mirror as close as

practicable the existing topography separation distance of

approximately 300 feet exists between the demolition site and

the mine pit Due to its location on the mine site the

facility will be adequately screened from residents within one

quarter mile
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4.3 Waste Volumes Site Operation and Site Life

The proposed one-time disposal facility will receive demolition

waste from the completion of reclamation of the mining

facilities Wastes to be placed in the site include

approximately 2500 cubic yards of concrete 570 cubic yards of

bituminous surface 500 cubic yards of riprap 100 cubic yards

of culverts and septic tanks and miscellaneous material from

the demolition of onsite buildings or facilities The total

volume equals approximately 3670 cubic yards The 3670 cubic

yard figure represents the best estimate of the volume of these

material prior to their removal as part of the site reclamation

project Given the fact that the actual volume of material

requiring disposal in the site will not be known until

reclamation takes place and the fact that the inplace volume

of material in the demolition site will be greater than their

inplace volume prior to removal due to swelling design

volume for the site of 7500 cubic yards has been selected If

actual in-place volume is less than the 7500 cubic yard figure

used for site design final grades will be achieved using on-

site general earth fill

The site will be operated as an area fill Site life will be

six months or less Given the short site life and innocuous

nature of the material to be placed in the facility daily or

intermediate covering is not necessary

detailed schedule of the mining project reclamation activities

is shown in Figure No 5-1 of the Mining Permit Application

The schedule shows that some of the material to be placed in the

disposal site will potentially be generated prior to the time

that the settling ponds will be taken out of service In this

event such material will be temporarily placed in the eastern

explosive magazine area
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The explosive magazines will be removed prior to the generation

of demolition waste and therefore the areas will be available

for such use The explosive magazine area will be graded to

drain to the settling ponds if used as described Once the

demolition area has been prepared any material placed in the

explosive magazine area will be moved into the permanent

disposal site

Material to be disposed of in the proposed site will be

delivered using on-site equipment and spread and compacted by

at least three passes with an onsite tracked dozer Soil to be

used for final cover will be transported using dump trucks or

scrapers

4.4 Site Access

Proposed access to the facility will be along the proposed

access roads for the mining plan The mining plan includes

controlled site access through the use of fencing Upon closure

of the facility the proposed access roads will be reclaimed as

per the reclamation plan for the Flambeau Project

4.5 Base Grades

The proposed facility will use the existing berms from the

eastern settling pond of the proposed mining plan The bottom

of the settling pond will be backfilled approximately seven feet

to bring the base elevation for the disposal site to 1122.0

Filling will be accomplished in onefoot compacted lifts

Compaction will be accomplished by three passes of tracked

dozer over the placed soil The backfill will provide

projected 17foot separation above the projected post

reclamation groundwater table This separation distance is
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greater than the tenfoot separation distance specified in

HR 502.125d of the Wisconsin Administrative Code Figure

Nos 4-1 and 4-2 of this report illustrate design base grades

for the proposed facility

4.6 Final Grades

The final cover system will consist of two-foot-thick layer of

compacted onsite SM or SM-ML material overlain with six inches

of topsoil Final grades will be sloped to the west at 3.6

percent to match the drainage pattern of the reclaimed mine site

as shown on Figure No 5-3 of the revised Mining Permit

Application Final grades are illustrated on Figure Nos 4-1

and 4-2 of this report

4.7 Surface Water Drainage

Surface water will be diverted around the fill area via

perimeter drainage swales to limit the potential for erosion and

sedimentation Details of the perimeter drainage system are

shown on Figure Nos 4-1 and 4-2 of this report

4.8 Site Closure

Portions of the site will be brought to final grade as soon as

practical As these portions reach final grade final cover

shall be applied to limit surface water infiltration Final

cover will be placed within six months after disposal begins

The final cover system will consist of two feet of compacted on
site SM or SM-ML soils and six inches of topsoil The two-foot

soil layer will be placed in two one-foot lifts each compacted

through minimum of three passes with tracked dozer

Following topsoil placement the surface will be seeded

fertilized and mulched in accordance with the mining sites
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revegetation plan Following closure the facility will be

inspected and maintained in accordance with the mining sites

longterm care and maintenance plan as described in Section 10.0

of the Mining Permit Application

4.9 Environmental Monitoring

Demolition wastes are not associated with the creation of

landfill gas Therefore gas monitoring is not proposed for

this facility

An extensive groundwater monitoring program for the mining site

has been proposed as part of the Mining Permit Application for

the project This plan is detailed in Sections 7.0 and 10.0 of

that document Given the nature and volume of materials to be

placed in the proposed site and the fact that an overall site

monitoring plan will be implemented specific groundwater

monitoring plan for the onetime demolition waste site is not

appropriate
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5.0 CONCLUSIONS

The information presented in this report shows that the proposed

facility meets or exceeds the criteria specified in NR 502.12

for the construction operation and closure of onetime

demolition waste disposal facility
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State of Wisconsin DEPARTMENT OF NATURAL RESOURCES
Carroll Besadny

Secretary

BOX 7921

MADISON WISCONSIN 53707

November 17 1989 File Ref 2720

Mr Jerry Sevick P.E Manager
Ceosciences and Environmental Management Group
Foth Van Dyke

Box 19012

Green Bay WI 54307-9012

Dear Mr Sevick

This letter is in response to recent conversations we have had concerning
construction of demolition waste disposal site for the proposed Flambeau

Mining Company project near Ladysmith You have inquired as to the

applicability of certain requirements of Chapter NR 502 Wis Adm Code as

they relate to the approval of such facility Specifically you have asked

whether an initial inspection pursuant to NR 502.123 is necessary and

whether the applicant must generate additional geotechnical and hydrogeologic
information in accordance with ss NR 502.134b and

Various Department staff have inspected the entire area to be disturbed by
the proposed mining project including the area proposed for the demolition

site and are familiar with the site Therefore it is not necessary to

conduct another site inspection before submittal of the report required under

NR 502.124

Sections NR 502.134b and require submittal of geotechnical and

hydrogeologic information relative to the proposed demolition waste disposal
site discussion of the site characteristics should be included in the

report but you may rely on data gathered in support of and submitted in the

Environmental Impact Report There does not appear to be need for

additional data at this time

If you have any questions regarding this matter please contact me

Sincerely

Lawrence ynch Environmental Specialist

Office of Mine Reclamation

Bureau of Solid Hazardous Waste Management

cc Bob Ramharter EA/6 Tom Evans WCNHS

Larry Mercando Kennecott Kathy Falk DOJ

Hank Handzel DeWitt Porter et al Dennis Leong DOD

Bill Thiel Jordan Herrell and Thiel
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FIGURES FOR SECTIONS 3.0 AND 4.0
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APPENDIX

Prediction of Groundwater Quality
Downgradient of the Reclaimed Pit

for the Kennecott Flambeau Project
Revised December 1989

The report titled Prediction of Groundwater Quality
Downgradient of the Reclaimed Pit for the Flambeau Project
included in this Appendix is revision of the report with the
same title dated July 1989 Revisions made to the July 1989

report primarily relate to projections of precipitate volume
from the wastewater treatment plant The modeling completed for
the July 1989 report was based on projected wastewater
treatment plant precipitate generation rate of 9000 dry pounds
of solids per one million gallons of treated water Based on
information presented in the revised Mining Permit Application
for the project dated December 1989 it is currently projected
that precipitate will be generated by the planned wastewater
treatment plant at the rate of approximately 11100 dry pounds

per one million gallons of treated water The revision to

projected precipitate generation results in minor changes to the
time frames presented in Table No 25 The revisions do not
change the predicted parameter concentrations nor do they
change the conclusions of the report



PREDICTION OF GROUNDWATER QUALITY
DOWNGRADIENT OF THE RECLAIMED PIT

FOR THE
FLANBEAU PROJECT

Prepared for

FLANBEAU MINING COMPANY

Prepared by

FOTH VAN DYKE and Associates Inc
2737 Ridge Road

P.O Box 19012
Green Bay Wisconsin 54307-9012

REVISED DECEMBER 1989

Foth Van Dyke
2737 Ridge Road

Box 19012

Green Bay Wisconsin 54307-9012

414/497-2500

FAX 414/497-8516

Li



TABLE OF CONTENTS

PAGE

1.0 INTRODUCTION

2.0 SOURCE TERN CALCULATION

2.1 MODEL INPUTS

2.1.1 Type II Waste Generation
2.1.2 Leachate Generation
2.1.3 Precipitate Generation 10
2.1.4 Stockpiled Type II Waste Reactions 13

2.1.5 In-Pit Type II Waste Reactions 15
2.1.6 Model Input Summary 17

2.2 MODEL OUTPUTS 19

2.2.1 Leachate Generation Model 19
2.2.2 InPit Model 20
2.2.3 Model Output Summary 27

3.0 TRANSPORT CALCULATION 30

4.0 POTENTIAL IMPACTS TO WATER QUALITY 32

4.1 Groundwater 32

4.2 Surface Water 33

5.0 REFERENCES 35

LIST OF TABLES

TABLE NO 2-1 In-Pit Model Output
TABLE NO 2-2 Quarterly Generation of Pit Contact Water

Stockpile Leachate and Slurried

Precipitate 12

TABLE NO 2-3 Calculated Volumes and Times of Saturation
of Backfilled Wastes During Reclamation 22

TABLE NO 2-4 Post Mining Recovery of Groundwater 24

TABLE NO 2-5 Predicted Parameter Concentrations of
Contact Groundwtaer Leaving the Backfilled
Pit 28

LIST OF APPENDICES

APPENDIX Revised Table No 5-1 from the Mining Permit

Application for the Kennecott Flambeau Project

APPENDIX In-Pit Model Calculations

L2



1.0 INTRODUCTION

This report addresses whether or not groundwater quality impacts

will result from the reclamation of the open mine pit that will

be created as part of the Flambeau Project near Ladysmith Wis

consin This question was initially addressed in the environmen

tal impact report KEIR Foth Van Dyke l989a for this

project Supplementary information on groundwater flow direc

tions and velocities during and after mining have been provided

in modeling report by Prickett 1989 The groundwater quality

impact of the Type stockpile was demonstrated to be insig

nificant in another supplementary report by Foth Van Dyke

l989b

The KEIR concludes that neither the mining operation itself nor

the creation and operation of the Type II stockpile will create

groundwater quality impacts The mine pit when in existence

will cause the formation of cone of depression in the water

table Thus during the time the mine is in existence all

groundwater will flow toward the open pit making it impossible

for any groundwaterborne compounds to leave the mine vicinity

As for the Type II stockpile it will be underlain with an imper

vious liner and leachate collection system thereby preventing

compounds from moving downward from the stockpile to the water

table Underneath the stockpile therefore no groundwaterborne

compounds will be able to move downward to the water table

Since the mine pit as well as both the stockpiles are incapable

of impacting groundwater quality the only remaining groundwater

quality issue then is the one relating to the reclaimed pit

The waste characterization study described in the KEIR showed the

possibility that several parameters in the reclaimed pit could

become elevated This report determines that four of

thesecopper manganese iron and sulfatewould be elevated

87KlO2
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sufficiently to be measurable and predictable These concentra

tions would occur in the bottom of the pit in the layer of

Type II waste rock the most leachable of the materials returned

to the pit

In order to evaluate what if any impact these compounds will

have on water quality it is necessary to consider the results of

the modeling conducted by Prickett 1989 He assisted by the

staff of Engineering Technologies Associates Inc of Ellicott

City Maryland created twodimensional crosssectional flow

model of the reclaimed pit This model clearly shows that the

groundwater within the waste rock below the saprolite layer in

the reclaimed pit flows downwards and toward the river pillar

He showed that as long as the river pillar is relatively highly

permeable the pillar itself acts as sink drawing all the up
gradient bedrock groundwater toward it and then discharging it

to the river at an average discharge rate of gallons per minute

gpm

The only situation which could change this flow pattern would be

change in the river pillar permeability caused by grouting

during mining operations If such permeability change would

occur the potential would exist for small amount of the

groundwater emanating from the Type II waste rock in the re
claimed pit to move upward past the saprolite layer and escape

the pit in the shallow outwash to the northwest

Such grouting would occur however only in response to need to

cut down flows to the open pit so as not to overload the waste

water treatment plant Inasmuch as the wastewater treatment

plant has been significantly over-designed with respect to capac

ity there is no possibility that grouting effort will ever be

undertaken to reduce the flows through the river pillar to less

87KlO2

L4



than those predicted by Prickett The wastewater plant is de

signed to handle the flows he predicted and more

Therefore since there is no likelihood that the pillar penne

ability will ever be reduced to level below that used by

Prickett in his predictions there also is no possibility that

the groundwater emanating from the Type II waste rock in the re
claimed pit will do anything but move straight toward the Flam

beau River through the river pillar Thus the only flow regime

evaluated in this report is the direct route through the river

pillar The studies described herein conclude that only one pa
rameter sulfate would depart the reclaimed pit at concentra

tions higher than present-day background groundwater quality con

ditions The report further concludes that the sulfate

concentration increase would not be of concern because no sulfate

increase would be detectable beyond the Flambeau River Since

the proposed compliance boundary is beyond the river no sulfate

exceedences are possible at the point of standards application

As to the river itself the incremental increases in the river

water of parameters in groundwater entering the river from the

pit will be so small as to be unmeasurable Thus no impact on

the river will occur

Following this introduction Section 2.0 of the report discusses

how the source term concentrations for copper manganese iron

and sulfate were derived Section 3.0 discusses the transport of

these constituents downgradient of the pit through the river pil

lar and into the river Section 4.0 of the report presents the

reports evaluation of the potential impacts Section 5.0 is

list of the references cited
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2.0 SOURCE TERM CALCULATIONS

Type II wastes consisting of saprolite and waste rock containing

more than one percent sulfur will be temporarily stockpiled

above grade in lined twentyseven acre site Reactions be
tween the stockpiled wastes and precipitation produce leachate

which will be collected and treated along with pit contact wa
ter in an onsite wastewater treatment facility The slurried

lime and sulfide precipitate produced in the facility will be

spread on the stockpiled wastes The precipitate reacts with the

leachate in the stockpile forming additional leachate by dis

solution and secondary minerals by precipitation

Following the completion of mining operations these wastes and

precipitates will be backfilled into the bottom of the open pit
As these materials are being backfilled groundwater and pre

cipitation will restore the groundwater levels to the approximate

premining steady state elevations When the steady state ground

water levels have been attained groundwater will flow from the

east to the west through the backfilled materials within the pit
Reactions between the groundwater and the wastes will result in

the release of certain substances from the wastes to the ground

water which will then be transported with the groundwater from

the pit

The models described in this report include one which formulates

the generation of the leachate within the stockpiled wastes and

one which formulates the reactions between the backfilled wastes

and groundwater Also discussed are the generation of the Type

II wastes and the precipitate and the expected reactions between

the stockpiled wastes and the applied slurried precipitate

87K102
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The output of the first model is time-based generation of

leachate within the stockpiled wastes The output of the second

model is timebased release of substances from the backfilled

pit to the downgradient groundwater

2.1 Model Inputs

The inputs to the model describing the unsaturated generation of

leachate within the stockpiled wastes include the quantity of

waste stored in the stockpile and the time during which the

wastes are added to the stockpile In addition the quantity and

periodicity of the precipitative inputs to the stockpile are uti

lized in the model The leachate percolates through the wastes

until it intersects the leachate collection system which will be

installed beneath the system and above the impervious liner

The leachate thus generated and collected will be piped to the

surge pond From there it will be sent to the wastewater treat

ment facility where along with the pit contact water it will be

treated with lime and sulfide This treatment removes substances

to level which will more than meet the requirements for the

discharge of these waters to the Flambeau River by-product of

the treatment will be the generation of sulfide precipitate pro
duced from lime This precipitate will be applied to the stock

piled wastes in slurried form on daily basis The pre

cipitate applied to the stockpile will react with precipitation

and leachate producing additional leachate of somewhat alkaline

nature and secondary minerals

The quantity and composition of the backfilled wastes and pre

cipitates returned to the pit and the quantity and composition

of the recharging groundwater and precipitation are the inputs

for the model that predicts the in-pit reactions between the

wastes and groundwater
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2.1.1 Type II Waste Generation

Type II waste materials will be generated in two phases The

first phase Phase will consist of waste rock and saprolite

removed from the western half of the open pit Phase II wastes

will consist of the same materials but will differ in relative

proportions of them The Phase II wastes will be removed from

the eastern end of the pit subsequent to the removal of the Phase

wastes as shown on Table No 4-2 of the Revised Mining Permit

Application for the Flambeau Project KMINE Foth Van Dyke

1989c

As seen in Table No 2-1 total of 3122 kilotons of Type II

waste will be removed during the mining operation All of these

wastes will be stockpiled in the lined Type II stockpile Quar

terly production figures for the combined Phase and II wastes

are also listed in Table No 21 The wastes will be stockpiled

in two phases the first of which Phase will cover 15.53

acres Phase II of the stockpiling will cover an additional

11.47 acres Phase stockpiling will initially occur through

the third quarter of the second year of operations From that

time until the cessation of operations at the end of the third

quarter of the sixth year stockpiling at various rates will oc
cur in both phases but mainly in the Phase II area

2.1.2 Leachate Generation

The most important factor in leachate generation is the input of

precipitation to the stockpiled wastes Average monthly pre

cipitation data corrected for losses due to evapotranspiration

were added to the wastes on quarterly basis in the model see

KMINE Appendix 28 for data The quarters used in the

model were JanuaryMarch AprilJune JulySeptember and

OctoberDecember In the model it was assumed that the net
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TABLE NO 2-1

In-Pit ModeL Output

PERIOD

UR II

ktons
Precip SUL

CL rag

FATE IR

rng/L mg
ON HANG

mg/L rag

ANESE COP

mg/L rag

PPER

mg/L

PP-i 5.26EO6 O.OOEOO O.OOEOO O.OOEOO O.OOEOO

PP-2 234 7.49EO6 2.97El1 3.96EO4 3.57E1O 4.77EO3 8.2OEO8 i.O9EO2 9.28E1O i.24E04

i-i 130 8.68EO6 2.52Ell 2.9OEO4 2.81E1O 3.24E03 7.O8EO8 8.16EO1 7.84E1O 9.O3EO3

1-2 128 6.14E06 2.52E1l 4.1OE04 2.76E1O 4.50EO3 7.12E08 l.16E02 7.84ElO 1.28E04

1-3 107 5.27E06 2.32E11 4.40E04 2.47ElO 4.69EO3 6.60E08 1.25E02 7.16ElO l.36E-i-04

1-4 112 7.49E06 2.36El1 3.15E04 2.50ElO 3.34E03 6.72E08 8.97EO1 7.28E1O 9.72E03

2-1 119 8.68E06 2.47Ell 2.84E04 2.62E1O 3.02E03 7.O4E08 8.11EO1 7.64ElO 8.80E03

2-2 55 6.14E06 i.71Eii 2.78E04 i.69ElO 2.75E03 4.96E08 8.08EOi 5.24EiO 8.53E03

2-3 66 5.27EO6 i.65Ei1 3.13E04 1.65EiO 3.13EO3 4.76E08 9.03EOi 5.05EiO 9.56E03

2-4 56 1.30E07 1.47E11 1.13EO4 1.45E10 1.12EO3 4.28EO8 3.29EO1 452E10 3.48E03

3-1 130 1.51E07 2.35E11 1.56EO4 2.52E1O 1.67E03 6.68E08 4.42E01 7.24E1O 4.79E03

3-2 204 1.O9EO7 3.53E11 3.24E04 3.88E-lO 3.56E03 9.96EO8 9.14EO1 1.O9E11 1.OOE04

3-3 204 9.16E06 3.92E11 4.28EO4 4.24E10 4.63EO3 1.11EO9 1.21E02 1.21E11 1.32E04

3-4 196 1.07E07 4.O2E11 3.09EO4 4.28E1O 3.29E03 1.14E09 8.77E01 1.24E11 9.54E03

4-1 202 1.51E07 4.18Ell 2.77E04 4.44E10 2.94E03 1.19EO9 7.88E01 1.29E11 8.54E03

4-2 206 1.09EO7 4.32E11 3.96E04 4.56E1O 4.18EO3 1.23E09 1.13E02 1.33E11 1.22E04

4-3 217 9.16E06 4.55E11 4.97E04 4.8OE10 5.24EO3 1.30E09 1.42E02 1.40E11 1.53E04

4-4 212 1.30E07 4.58E11 3.52E04 4.80E10 3.69E03 1.31EO9 1.O1E02 1.41E11 1.O8E04

5-1 191 1.51E07 4.36E11 2.89E04 4.48E10 2.97E03 1.25E09 8.28E01 1.34E11 8.87EO3

5-2 108 1.O9E07 3.27E11 3.OOE04 3.18E10 2.92E03 9.52E08 8.73E01 1.OOE-ll 9.17E03

5-3 58 9.16E06 2.33E11 2.54E04 2.11E10 2.30E03 7.12E08 7.77E01 7.08E10 7.73E03

5-4 60 l.30E07 2.O2E11 1.55E04 1.84E10 1.42E03 6.OOE08 4.62E01 6.12E10 4.71E03

6-1 61 1.S1E07 1.87E11 1.24E04 1.71E10 1.13E03 5.52E08 3.66E01 5.68E1O 3.76E03

6-2 43 1.09EO7 1.54E11 1.41E04 1.37E10 1.26E03 4.60E08 4.22E01 4.68E--lO 4.29E03

6-3 23 9.16E06 1.16E11 1.30E04 9.52E09 1.04E03 3.51E08 3.83EO1 3.48E1O 3.80E03

6-4 1.30E07 7.12E10 5.48E03 4.68E09 3.60E02 2.25E-08 1.73E01 2.1OE10 1.62E03

7-1 1.51E07 5.35E10 3.54E03 3.2OE09 2.12E02 1.73E08 1.15E01 1.56E10 1.O3E03

7-2 1.09E07 4.32EO0 3.96E03 2.42E09 2.22E02 1.42E08 1.30E01 1.26E10 1.16E--03

TOTALS 6.92E12 7.17E11 2.OOE10 2.14E12
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precipitation was of uniform quantity during the entire quarter

Also it was assumed that runoff would generate leachate since

it will be in contact with the wastes and will be collected by

part of the leachate collection system

The precipitation and runoff that will be collected by the Phase

stockpile for the above listed quarters will be 6.14 106

5.27 106 7.49 106 and 8.68 106 liters per quarter re
spectively The precipitation and runoff that will be collected

by the combined Phase and II stockpiled wastes will be

1.09 lO 9.16 106 1.30 lO and 1.51 lO liters per

quarter respectively see Table No 2-1

Wet-dry leaching experiments were performed on typical Type II

waste sample WR5 as part of the waste characterization stud

ies These experiments simulate the reactions that will occur

when precipitation reacts with the wastes Mathematical rela

tionships have been developed between the quantity of five

parameterscopper iron manganese sulfate and pHthat will

be leached from these materials and the leach cycle number see

Table Nos 3.5-18 and 3.5-19 in the KEIR No other relation

ships were developed because no other parameters that would be of

concern leached from the waste rock in any elevated concentra

tion

Each leaching test was conducted for period of 80 days during

which time leachate samples were collected and analyzed following

geometrically increasing time scale samples were collected at

the conclusion of cycles and 16 The results of

the analyses of these samples has revealed that the quantities of

materials leached decreased according to negative power functions

of the leaching cycles The calculated numerical relationships

87Kl02
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for the leaching of the rock chips which will make up an esti

mated 9798 percent of the stockpiled waste rock are

Cu ug/g 437.6 cycle Y8l r2 0.93

Fe ug/g 168.0 cycle Y2n r2 0.93

Mn ug/g 3.86 cycle Y71 r2 0.94

SO4 mg/g 1.40 cycle Y78 r2 0.92

The numerical relationship between leachate pH which was mea

sured during each of the 16 cycles and leaching cycle number is

pH su 2.86 cycle 0.1.4 r2 0.92

Similar relationships were observed for the leaching of the rock

powder However due to irregularities in the data only the

leached amounts of copper and manganese could be quantified sim

ply The calculated relationships for these metals are

Cu ug/g 314.8 cycle l3 r2 0.81

Mn ug/g 2.64 cycle r2 0.88

Due to the fact that only minor proportion of the waste rock

will be powder and the fact that the leaching relationships of

the powder are similar to the rock chips only the data from the

rock chip leaching experiments have been used in modeling the

leachate generation

The results of the analyses also revealed that significant sta

tistical mathematical relationships exist between the quantities

of leached copper iron manganese and sulfate and leachate pH
These calculated relationships show that the quantities of metals

leached from the rock chips decrease with increasing pH following

negative power functions These relationships are

87Kl02
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Cu ug/g 7.45 108 pH37 r2 0.95

Fe ug/g 3.25 108 pH6 r2 0.97

Mn ug/g 2.96 10 pH1-29 r2 0.97

SO4 mg/g 2.42 106 pH36 r2 0.98

It is assumed that the leaching characteristics of the Type II

saprolite will be similar to that of the waste rock

2.1.3 Precipitate Generation

Bench tests performed as part of the Preliminary Engineering Re
port for Wastewater Treatment Facilities Foth Van Dyke l989d

have shown that precipitate production from the planned waste

water treatment plant will vary with the length of exposure of

Type II material to wetting and drying cycles Precipitate pro
duction during the studies ranged from 9000 pounds of dry pre

cipitate per million gallons of wastewater to 60000 pounds per

million gallons The higher value corresponds to the initial

wetting of Type II material used for the bench tests while the

lower value represents the third and final wetting The second

wetting produced an estimated production rate of 30000 dry

pounds per million gallons

Given the bench test results it is projected that the actual

rate of precipitate production at the maximum wastewater treat

ment plant capacity of 800 gpm will be closer to 30000 dry

pounds per million gallons At the estimated average annual flow

rate of 296 gpm average daily precipitate production over the

life of the project is expected to be equivalent to approximately

11100 dry pounds per million gallons

10 871102
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The projected quarterly generation of wastewater from the open

pit and Type II stockpile are listed in Table No 2-2 The val

ues for the pit inflow data were derived from Prickett 1989
The other values were calculated from data presented in the KMINE

document The values take into account the changes in pit in

flow variations in quarterly precipitation and runoff listed as

tiprecipitationti the successive opening of Phases and II

within the pit and the expansion of the stockpile when Phase II

of the stockpile is opened

For modeling it was conservatively assumed that the composition

of the wastewater emanating from the open pit will be ap
proximately equivalent to the average Type II waste rock leach

ate The composition of the pit contact wastewater is considered

to be equivalent to the cycle waste rock leachate see Table

No 3.519 KEnt which is

Cu 24000 ug/L

Fe 4200 ug/L

Mn 210 ug/L

504 60 mg/L

The average steady state pit contact water flow is 8.47 lo li
ters per quarter Pit contact water will be collected for

twentyfive quarters It has been determined that 5.08 1010

8.90 l0 4.45 108 and 1.27 1o11 mg of copper iron man

ganese and sulfate respectively will be leached from the pit

contact rcks Stockpile leachate will be collected for

twentyeight quarters and as shown in Table No 2-1 2.14

102 7.17 loll 2.00 1010 and 6.90 io3-2 mg of copper

iron manganese and sulfate respectively will be leached from

the stockpiled Type II wastes Of all the metal loading 2.3

1.2 2.2 and 1.8 percent respectively will be derived from the

pit contact water
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In terms of flow the waste rock leachate comprises only an aver

age of 12.5 percent of the water that will be treated in the

wastewater treatment facility The difference in material load

ing between the pit and stockpile sources can be attributed to

the fact that the stockpiled wastes are leached through many suc

cessive cycles and to the very considerable exposed surface area

per unit mass of the stockpiled waste

The precipitate will consist of metal hydroxides sulf ides and

sulfates Iron will be precipitated as hydroxide nearly all

of the copper will be precipitated as hydroxide and ap
proximately 75 percent of the manganese will be precipitated as

sulfide the remaining manganese will be precipitated as hy
droxide Sulfate will be precipitated as the mineral gypsum

hydrous calcium sulfate during the lime treatment of the waste

water see Larsen et al 1973 and Lanoutte 1977

2.1.4 stockpiled Type II Waste Reactions

Field studies have shown that numerous secondary minerals form

within and on the surface of stockpiled sulfide wastes

Nordstrom 1982 Whiting 1985 Some of the minerals commonly

found in the central portions of stockpiles where the rates of

evaporation are slow include

ferrihydrite hydrous iron oxide

calcanthite hydrous copper sulfate

ilesite hydrous manganese sulfate

malachite hydrous copper carbonate
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mineral commonly found near the margins of sulfide stockpiles

where the rates of evaporation are greater and where the pH is

lowest in the stockpile is

jarosite hydrous potassic iron sulfate

Secondary minerals that form by rapid evaporation are often found

on the surface and edges of sulfide stockpiles especially near

areas where seepages occur These minerals include

melanterite hydrous iron sulfate

copiapite hydrous iron sulfate

antlerite hydrous copper sulfate

cuprocopiapite hydrous copper iron sulfate

Minerals that form on the surfaces of sulfide stockpiles tend to

be soluble and are dissolved during rain storms Minerals that

form within stockpiles tend to have lower solubilities and per
sist and grow during the time that the stockpile is in existence

It is expected that with the exception of the formation of fer

rihydrite only minor amounts of copper manganese and sulfate

will become incorporated in secondary minerals that form within

or on the stockpile Ferrihydrite is stable mineral under all

but the most acidic conditions and forms rapidly from iron hy
droxide precipitates During the lifetime of the stockpile it is

expected that nearly all of the iron hydroxide precipitate that

will be spread on the stockpiled wastes will be converted to fer

rihydrite Schwertmann 1985

The major secondary minerals that will be found within and on the

stockpile will be the precipitates from the applied slurried

wastewater precipitate With the exception of the iron hydroxide

precipitate ferrihydritemany of the precipitates will

14 87KlO2
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dissolve and contribute mass to the leachate It is important to

note that since the collection and treatment of the leachate will

be continuous and since the slurried precipitate will be applied

to the stockpile daily essentially all of the leached materials

will be in solid form at the time that the weathered wastes are

backfilled in the open pit In addition these solids with the

exception of ferrihydrite will comprise the precipitate

2.1.5 InPit Type II Waste Reactions

The saturated waste rock leaching studies were conducted in order

to simulate the reactions that would occur if the waste materials

were returned to the pit in untreated form These materials had

been previously leached during the wet-dry leaching studies

Synthetic groundwater approximating the concentration of upgradi

ent groundwater was used to saturate the leaching columns see

Waste Characterization Studies in KEIR for details No slurried

precipitates were applied to the Type II leaching columns

It was discovered that during the 16 saturated leaching cycles

pH decreased during the course of the leaching In addition the

quantities of copper manganese and sulfate leached from the

waste rock chips increased The quantity of iron leached from

the chips at first increased and then decreased to the point that

during cycles and 16 iron was being sorbed from the synthetic

groundwater see Table No 3.5-24 and 3.5-25 in the KEIR The

calculated relationships between leached copper manganese and

sulfate and the leach cycle number are positive power or exponen

tial functions These relationships are

Cu ug/g 18.4 cycle 038 r2 0.92

Mn ug/g 0.26 cycle 041 r2 0.85

SO4 mg/g Q0620.047cyc1e r2 0.92

pH su 3.77 cycle 10.051 r2 0.95
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The calculated relationships between pH and the quantity of cop

per manganese and sulfate leached from the rock chips are

negative power functions These mathematical relationships are

not as statistically significant as were those of the wet-dry

leachings These relationships are

Cu ug/g 2.28 10 pH77 r2 0.84

Mn ug/g 4.35 10 pH728 r2 0.74

SO4 mg/g 13.7 pH47 r2 0.60

These results suggest that the Type II wastes should be treated

as they are returned to the pit Therefore the effect of liming

the wastes as they were being backfilled was investigated In

order to evaluate worst case situation freshly ground Type II

waste rock sample WR-5 was equilibrated with distilled deion

ized water and with lime bearing water that raised the solution

pH to 6.5 the approximate pH of the upgradient groundwater

The results of the acid neutralization tests given in Table

No 3.5-12 see KEIR show that liming reduced the original cop

per iron and manganese concentrations by approximately 92 95

and 24 percent respectively while the concentration of sulfate

doubled As result of this study the mining plan calls for the

addition of sufficient lime slurry to the Type II wastes as they

are being backfilled in order to maintain waste contact water

pH of approximately 6.5

The concentrations of copper iron manganese and sulfate in the

pit water will mainly be functions of the pH of the water and the

quantity and relative solubilities of the materials that contain

these parameters The solubility of copper hydroxide is

2.2 l02 mg/L and that of copper sulfide is 5.8 io8 mg/L in

pure water The solubility of ferrous hydroxide is 8.9 l0
mg/L and that of ferrous sulfide is 3.4 l0 mg/L in pure
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water At pH of 6.5 ferric hydroxide will maintain concentra

tions of ferric iron at or below 3.2 lO mg/L The solubility

of manganese hydroxide is 1.2 100 mg/L and that of manganese

sulfide is 2.1 1O3 mg/L in pure water The solubility of gyp

sum in pure water is 2.4 l0 mg/L The solubilities of these

substances will be suppressed in the pit contact water due to

common ion effects

From the above data it is apparent that the concentration of

these parameters will be dependent upon the solubilities of the

soluble metal hydroxides and gypsum The primary copper iron

and manganese sulf ides either as original rock constituents or

as sulfide precipitates are at least three orders of magnitude

less soluble than their hydroxides The solubilities of these

hydroxides and sulfate which constitute the bulk of the slurried

precipitate will control the concentrations of these parameters

in the pit water and in the water that is flushed out of the pit

by reestablished groundwater flow

2.1.6 Model Input Summary

The leachate generation model provides worst case appraisal of

the leaching of the stockpiled Type II wastes The wastes are

stored by depositing successive layers of material upon one an
other in the lined site The model summed the projected quanti

ties that could be leached during cycle with quantities that

could be leached during cycle in the next oldest quarterly de

posit and so on through all of the quarterly deposits

The quantities of materials that could be leached from these

wastes were determined in laboratory column experiments in which

the wastes were successively leached with synthetic rain water

which is nearly pure water These laboratory conditions

simulated the maximum leaching that could occur and might occur
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in the field if the quarterly accumulations of waste were depos

ited side by side However the quarterly accumulations of

stockpiled wastes will be essentially deposited one on top of the

other

Leachate generated by the reactions between precipitation and the

uppermost layer will percolate into the next older layer beneath

it The leaching of the second and successive layers beneath

it will be considerably less intense than if the leaching were

conducted with rain water The reduction in leaching will be due

to the common ion effect in which the leaching of given sub

stance will be suppressed by the presence of significant quanti

ties of the substance to be leached in the leaching solution

The solubility and quantity of the most soluble substance that

contains the parameter of interest will control the concentration

of the parameter in solution This control will exist until all

of the soluble material has dissolved The remaining most

soluble substance will then control the parameter concentration

in solution

The major control of the in-pit concentrations of copper iron

manganese and sulfate will be the precipitates of copper hy
droxide iron hydroxide and ferrihydrite manganese hydroxide

and hydrous calcium sulfate gypsum The other materials in

the wastes and precipitate containing these substances are sev

eral orders of magnitude less soluble than those listed above

Dissolution of the less soluble substances will result in param
eter concentrations of essentially background levels
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2.2 Model Outputs

The outputs of the leachate generation model and the inpit model

are discussed separately below The outputs are time based re
leases of materials by leaching or dissolution to the leachate

or groundwater respectively

2.2.1 Leachate Generation Model

The quantities of copper iron manganese and sulfate that will

be included in the leachate will be function of the quantity of

waste rock leached during given quarter and the length of time

that quantities of waste material have been in the stockpile It

was conservatively assumed that one significant leaching occurred

during each quarter and that all of the material stockpiled dur

ing given quarter was uniformly leached for the entire quarter

The quantities of material leached was calculated by multiplying

the quantity of waste deposited in the stockpile during given

period by the quantity of material that would be leached from the

waste considering the number of quarters that the materials were

stockpiled The total quantities that would be leached in

given quarter is the summation of the products of the mass of the

waste times the appropriate leach cycle leaching The results

of these calculations are presented in Table No 21

The bulk concentration of copper iron manganese and sulfate in

the Type II waste see Table No 3.5-10 in the KEn multiplied

by the total waste mass is the total quantity of each substance

that potentially could be leached These quantities are

1.81 1010 1.08 l0-- 5.38 l0 and 4.25 10 grams re

spectively The total projected quantities that would be leached

from these materials are 2.14 lOs 7.17 io2-- 2.00 lo and

6.97 lO grams respectively The above figures show that the
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calculated leaching relationship overestimates the quantity of

iron that could be leached from the wastes Nearly two percent

of the sulfate-sulfur could be leached from the waste in addition

to more than 10 percent of the copper and more than 30 percent of

the manganese Despite the loss of metals and sulfate from the

Type II waste rock and saprolite there is no net loss from these

materials since the metals and sulfate are returned to the stock

piled wastes in the form of precipitate

2.2.2 InPit Model

Backfilling of the open pit will commence upon completion of the

mining operations at the end of the third quarter of the sixth

year of operation period 6-3 The waste materials will be re
turned to the pit in this sequence Type II waste materials at

the bottom followed in turn by Type waste rock saprolite

sandstone till and topsoil This sequence will be layered

and beginning with the saprolite layer will approximate the

original stratigraphic sequence of the site The saprolite layer

will be placed such that it ties in with the saprolite surround

ing the pit and will be compressed to form low permeability

layer between the Type and II materials and the overburden ma
terials

The Type II materials will be placed such that the lifts gently

slope towards the narrow ends of the pit This will facilitate

the collection of pit inflow and precipitation should these wa
ters accumulate faster than the material is backfilled Waters

collected by the sump pumps installed at the narrow ends of the

pit will be considered contact water and will be pumped to the

wastewater treatment facility

In addition lime slurry will be added to the daily accumulation

of Type II materials in sufficient quantity to raise the pH of
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the discharge water to at least 6.5 see KMINE and KEIR for the

calculations of the quantity of lime that will be required The

liming will limit the release of substances from the backfilled

Type II wastes when these materials are saturated with the incom

ing waters

During the backfilling of the Type II wastes the slurried pre

cipitate from the wastewater treatment facility will be added to

these materials in the pit rather than added to the remaining

stockpiled wastes Since the pH of the pit water will be 6.5 or

greater pH sensitive components in the precipitate will be more

stable in the pit than on the stockpile where the plls will range

from to This is important for the stability of the copper

iron and manganese compounds It will have little or no effect

upon the solubility of gypsum the main source of soluble sul

fate The Type II liner system will be dismantled upon the

completion of the backfilling of the Type II wastes The sand

blanket and stockpile basal support materials will then be added

to the top of the backfilled Type II wastes

copy of Table No 5-1 KMINE is included in Appendix This

table lists the sequence of and quantity of the backfilled

wastes as function of mine bench level

The porosities of the backfilled waste materials were estimated

by increasing the original material volume by the swell factor

and then reducing by the compaction factor This porosity multi

plied by the volume of wastes estimates the pore volume that will

be filled by the inflowing waters The results of these calcula

tions are presented in Table No 2-3 along with the estimated

time required to fill the physically created pore volumes
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TABLE NO 2-3

Calculated Volumes and Times of Saturation of

Backfilled Wastes During Remediation

Material

Volume

cu yds

Porosity

Pore

Volume

Cum

Volume

Time

to Fill

yrs

Cum

Time

yrs

WR II l.96E06 15 2.25E08 2.25E08 2.55 2.55

WRI 6.29EO5 15 7.21E07 2.97E08 1.42 3.97

SAP 4.84E05 22 8.14E07 3.79E08 1.87 5.84

SS 4.22E05 16 5.16E07 4.30E08 1.30 7.14

TILL 2.04E05 17 9.48E07 5.25E08 2.67 9.81

Note WR II Type II Waste Rock and Sandstone

WR Type Waste Rock

SAP Type Saprolite

SS Sandstone

TILL Volume of Till Beneath the Water Table
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The rate at which water will saturate the backfilled wastes has

been calculated by summing the yearly precipitative inputs pre
cipitation runoff and infiltration with the estimated pit in

flow water derived from groundwater It is assumed that

backfilling the pit will be completed in 18 months During the

backfilling the pit will receive direct precipitation and runoff

Following the completion of the backfilling the pit will con

tinue to receive water from precipitation but it will be by in
filtrative processes see Appendix KMINE for precipitative

data

Based upon data presented by Prickett 1989 it was estimated

that the groundwater level above the pit would be restored in ap
proximately 10 years following the termination of mining It was

assumed that 75 percent of the groundwater pit inflow would occur

in the first 20 percent of the pit inflow time and that the quan

tity of inf lowing water would geometrically decrease with time

during the inflow In addition it was assumed that the first

pit inflow water would enter the pit at the rate equivalent to

that which occurred during the end of the mining operation i.e
an average value of 114 gpm The quantities of precipitative and

inflow waters entering the backfilled pit during the post mining

recovery of groundwater are presented in Table No 24 As seen

in the table the main source of water is from precipitative

sources and that during the first year of recovery the pit inflow

and precipitative inputs are nearly equal

The inpit chemical transport model traces the movement of the

water which has been in contact with the Type II wastes and the

dissolution of the soluble compounds within that waste As pre

viously stated the concentration of copper iron manganese

and sulfate within this contact water will be function of the

most soluble substances containing these parameters In the Type

II wastes the solubilities of copper hydroxide iron hydroxide
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TABLE NO 2-4

Post Mining Recovery of Groundwater

Year

Precipita

Annual

tive Inputs

Cumulative

Pit

Annual

Inf low

Cumulative

Total

Cumulative

5.84E07 5.84E07 5.92E07 5.92E07 l.18E08

5.32E07 l.12E08 2.96E07 8.88E07 2.O1E08

3.6lE07 l.57E08 l.48E07 l.04EO8 2.61E08

3.6lE07 l.93E08 7.40E06 l.llE08 3.04E08

3.61E07 2.29EO8 3.70E06 l.1SE08 3.44E08

3.61E07 2.65E08 l.85E06 l.17E08 3.82E08

3.61E07 3.02E08 9.25E05 l.l7E08 4.19E08

3.61E07 3.38E08 4.63E05 l.l8E08 4.56E08

3.61E07 3.74E08 2.31E05 l.18E08 4.92E08

10 3.6lE07 4.1OE08 l.16E05 l.18E08 5.28E08
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and ferrihydrite manganese hydroxide and gypsum will deter

mine the concentrations of these parameters

In order to calculate the concentration of given parameter that

will exist in water that is in equilibrium with the substance

containing that parameter it is necessary to multiply the

solubility of the substance by the quotient of the molecular

weight of the parameter of concern e.g sulfate divided by the

molecular weight of the substance containing that parameter

e.g gypsum The calculated concentrations of copper iron

manganese and sulfate that will be maintained in the contact

water are 22 ug/L 320 ug/L 736 ug/L and 1360 mg/L respec

tively These concentrations are derived from the most soluble

substances containing the parameters of interest the concentra

tions will remain at these levels until all of the substances

containing them dissolves

The layer of Type II waste is saturated from below with inf lowing

groundwater and from above by precipitative water Once this

layer is saturated the soluble substances will begin to dissolve

thus developing the parameter concentrations discussed above In

the model equilibrium was assumed between the wastes and the wa
ter saturating or moving through the wastes If equilibrium were

not established then the modeled parameter concentrations would

be lower The assumption that equilibrium will be established

is therefore conservative one

As the Type II wastes become saturated water flows into them

displacing contact water with elevated concentrations of metals

and sulfate into the overlying formations By the time that the

preexisting groundwater levels are reestablished calculated to

be 9.81 years total of 1.18 1o8 liters of this contact water

will have been transported into the Type waste rock and into

the lower 56 percent of the Type saprolite It was assumed
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that since piston flow model was used to determine chemical

transport that the contact water will displace the water that

had been in the pores of these wastes without becoming diluted

by or mixing with it

Prickett 1989 determined that when groundwater levels have been

reestablished water will flow through the combined Type II

wastes and Type waste rock at an average rate of 1.4 gpm 2.79

106 liters/yr Added to this 1.4 gpm flow will be 0.6 gpm

1.19 106 liters/yr of water that will flow through the sapro

lite into these lower waste layers combined flow of 2.0 gpm

3.98 io6 liters/yr will leave the pit in the Precambrian rock

at the western end through the river pillar This flow will

transport elevated groundwater concentrations from the Type II

wastes and from the Type waste rock and lower saprolite to

the Flambeau River west of the mine site

The waste materials have capabilities to sorb some of the param

eters released from the precipitate in the Type II wastes The

capacity for the sorption of specific parameters by given mate

rial in micrograms can be calculated by multiplying the weight

of the material in grams by the sorption capability in ug/g
The sorption capabilities were derived from the results of the

saturated leaching studies see KEIR Table No 3.5-23 and 3.5-26

for values

The capability of the Type waste rock and saprolite for the

sorption of iron is 1.67 ug/g and 1.51 ug/g respectively The

calculated sorption capacities of these materials for iron are

1.64 106 and 1.04 io6 respectively it is interesting

that the Type II wastes are also capable of sorbing iron The

capability of the Type waste rock and saprolite for the sorp

tion of manganese is the same 0.17 ug/g The calculated sorp

tion capacities of these materials for manganese are 1.67 10
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and 1.17 l0 respectively Only the saprolite has capa

bility for the sorption of copper which is 0.11 ug/g The cal

culated sorption capacity of the saprolite for copper in 7.58

l0 None of the waste materials that will come in contact

with the water flowing out of the Type II zone in the bottom of

the pit exhibits capacity for the sorption of sulfate

In calculating the concentration of copper iron or manganese in

water within one of the sorbing materials the incoming concen

tration was reduced to the background level by the sorption of

one of the metals by the waste material The sorption process is

considered to continue in operation until the sorption capacity

of the waste is reached There is no further attenuation of

metal concentration until all of the soluble source substances

are dissolved The background concentrations of copper iron

manganese and sulfate are 13 ug/L 220 ug/L 350 ug/L and 9.9

mg/L respectively these are the mean concentrations for the

shallow Precambrian wells presented in Table No 3.612 in KEIR

The output of the in-pit model is time based series of param
eter concentrations through the first few thousand years follow

ing the initiation of groundwater flow through the backfilled

wastes The in-pit pH will be controlled at 6.5 in perpetuity

due to the liming The output for sulfate manganese iron and

copper is shown on Table No 25 The calculations used to com

pute these concentrations are included in Appendix

2.2.3 Model Output Summary

The output of the in-pit model suggests that the concentrations

of copper iron and manganese that are expected to occur in the

water leaving the pit are nearly the same as the background con

centrations of these metals The predicted concentration of sul

fate in the water leaving the pit will be approximately 140 times
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TABLE NO 2-5

Predicted Parameter Concentrations of Contact

Groundwater Leaving the Backfilled Pit

Parameter Concentration mg/L Years

Sulfate 1360 08.42

1100 8.42132

832 1322850
317 28503010

9.9 3010

Manganese 0.550 03920
0.445 39204000
0.350 4000

Iron 0.320 4000

Copper 0.014 4000
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the background concentration Even considering the overestimate

of the materials leached from the stockpiled wastes elevated

concentrations of sulfate will exist in the water leaving the

backfilled pit

The concentrations of copper iron manganese and sulfate pre
sented in this report are greater than those presented in the

KEIR These differences are the result of the pit inflow quanti

ties being several times lower in Prickett 1989 than those re

ported in the KEIR The reduction in flow results in less pre

cipitate being produced and therefore the precipitate has less

effect on the pH of the leachate in the stockpile The pH of the

leachate is the main factor governing the concentration of sul

fate in the water leaving the backfilled pit since nearly all of

the leached sulfate will become incorporated in the very soluble

mineral gypsum

The quantities of the metals leached from the wastes are also pH

dependent but the metals form compounds that are not as soluble

as gypsum Of greater importance to the concentration of the

metalsespecially copper and manganesein the water leaving the

pit is the fact that lower pit inflow results in higher con

centrations of metals in the waters treated in the wastewater

treatment facility This results in change in the relative

proportions of hydroxide and sulf ides in the precipitates Lower

metal concentrations in the leachate favors the formation of

greater quantities of sulfides which are several orders of mag

nitude less soluble than the hydroxides for given metal
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3.0 TRANSPORT CALCULATION

The cross-sectional flow model produced by Prickett 1989 for

flow through reclaimed pit clearly demonstrates the downward na
ture of all the vertical hydraulic gradients through the sapro

lite layer overlying the waste rock Under these conditions all

of the groundwater flowing through the Type II waste rock in the

reclaimed pit will exit the pit through the Precambrian rock in

the river pillar and flow directly into the bed of the Flantheau

River

Since this flow path is very short and occurs entirely within

fractured crystalline rock there will be little if any disper

sion or retardation of the dissolved constituents in the ground

water As described above the dissolved constituents that will

be added to the background crystalline groundwater by the Type II

material in the pit will be copper manganese iron and sulfate

Since there will be no dispersion dilution or retardation in

the river pillar the concentrations of these constituents in the

groundwater leaving the pit will be the same as the concentra

tions entering the river bed As shown above in Section 2.2.2

these concentrations are

Copper 0.014 mg/L

Manganese 0.522 mg/L

Iron 0.32 mg/L

Sulfate 1360 mg/L

The metal concentrations are not statistically different from the

background groundwater quality in the shallow bedrock as pre
sented in the KEIR In that document the mean background con

centration of copper is 0.013 mg/L manganese is 0.35 mg/L and

iron is 0.22 mg/L If as is common statistical practice the

standard deviation of the data is added to the mean to create
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reasonable upper bound for the range in which the data may be

said to routinely occur the numbers for background copper man

ganese and iron are 0.031 mg/L 0.54 mg/L and 0.43 mg/L re
spectively Thus it can be seen that the predicted concentra

tions for these compounds in the groundwater emanating from the

Type II waste rock in the reclaimed pit are well within the range

for background norms at the site

The background concentration of sulfate is 9.9 mg/L With the

standard deviation added to define the upper bound it is 18.4

mg/L This is statistically different from the predicted 1360

mg/L of sulfate in the groundwater emanating from the Type II

waste rock in the reclaimed pit

Two of the same four parameters routinely occur in measurable

concentrations in the Flambeau River water itself According to

the KEIR the average river concentrations are

Copper 0.005 mg/L

Manganese 0.05 mg/L

Iron 0.40 mg/L

Sulfate 10 mg/L

Thus the river has higher background concentrations of iron than

does the groundwater It has sulfate concentration similar to

the groundwater and manganese and copper concentrations less

than the groundwater
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4.0 POTENTIAL IMPACTS TO WATER QUALITY

At the Flambeau site there are theoretically two types of im

pacts which could result from altered groundwater quality The

first impact would be to the groundwater itself while the second

would be the potential effect of altered groundwater quality on

the surface water quality in the Flambeau River

As shown below neither of these possibilities is viable

4.1 Groundwater

The default groundwater standards in NB l82.075lA2a are the

federallydefined MCL5 maximum contaminant levels which are

based on the national primary and secondary drinking water stan

dards Primary standards are defined for those compounds that

can cause healthrelated problems in drinking water Secondary

standards are defined for those compounds that can cause only

aesthetic problems i.e taste and odor in drinking water

None of the compounds for which primary standards have been de
fined will be found in measurable concentrations in the groundwa

ter emanating from the Type II waste rock in the reclaimed pit

Three of the compounds for which secondary standards have been

definedcopper manganese and ironwill be found in measurable

concentrations above the standards but at concentrations which

are also comparable to naturally occurring concentrations In

such cases NB l82.075la2.b states
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Where the baseline concentration of substance subject

to state or national drinking water standard exceeds

the NCL set by state or national drinking water stan

dards the groundwater quality standard shall be the

baseline concentration of that substance

While sulfate at 1360 mg/L is above the background concentra

tion of 9.9 mg/L and above the standard of 250 mg/L this is not

problem Sulfate will not exceed the MCL beyond the Flambeau

River which is only 140 feet from the edge of the mine pit In

addition since the river will serve as very effective hydrau

lic boundary and the river pillar acts as sink for groundwater

it is assured that the elevated sulfate concentrations will never

be able to travel more than 140 feet from the reclaimed pit

Furthermore since sulfate cannot travel more than 140 feet and

since the compliance boundary has been proposed at distance of

1200 feet it will not be possible for sulfate exceedences to

occur at the compliance boundary

4.2 Surface Water

Not only do the four parameters pose no threat to the groundwater

itself they also do not threaten the Flambeau River in any way
To illustrate the lack of river impact calculation was made of

the effect the groundwater will have upon the concentration of

these substance in the Flambeau River

According to the KEIR the mean flow in the river is 1855 cubic

feet per second cfs According to Prickett 1989 the ground

water flow into the river from the waste rock zone in the re
claimed pit will be 2.0 gpm or 0.0045 cfs When these factors

are applied the incremental increase in river concentrations

would be
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Copper 0.000000034 mg/L

Manganese 0.0000013 mg/L

Iron 0.00000078 mg/L

Sulfate 0.0033 mg/L

Clearly there is no potential adverse impact The predicted in

crease in river concentrations would be so low that they would

not even be detectable in the water by todays sophisticated

analytical laboratory techniques Since all the known potential

adverse health and environmental impacts from these compounds oc
cur well above the detection levels for the compounds it must be

concluded that the groundwater emanating from the Type II waste

rock in the reclaimed pit will pose no threat to the Flambeau

River
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TABLE NO 5-i from KMINE

WR II WR SAP SS TILL TOTAL
Cun

Backfill

Bench ktons ktons ktons ktons ktons ktons ktons

900 34 34 34

910 52 52 86

920 69 69 155

930 85 85 240
940 108 108 348

950 128 128 476

960 220 220 696
970 243 243 939

980 265 265 1204
990 297 .0 297 1501

1000 314 314 1815
1010 335 335 2150
1020 445 445 2595
1030 414 414 3009
1040 113 245 70 428 3437
1050 477 477 3914
1060 357 139 496 4410
1070 473 473 4883
1080 147 469 616 5499
1090 290 295 585 6084
1100 516 516 6600
1110 482 482 7082
1120 396 396 7478
1130 288 288 7766
1140 7768

TOTALS 3122 1079 759 829 1979 7768
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INTRODUCTION

The model calculated the transport of sulfate manganese

iron and copper from the saprolite SAP Type waste

rock WRI and Type II waste materials WRII The lat

ter include both waste rock and saprolite

The concentration of sulfate manganese iron and copper

was considered to be function of the most soluble solid

phase that contained each parameter These were gypsum

hydrous calcium sulfate manganese iron hydroxide

ferrihydrite and copper hydroxide respectively

piston flow of water and consequent transport of these

materials was modeled This assumes that water contain

ing background concentrations of the parameters replaces

certain volume of water within the backfilled wastes

and that an equal volume of water containing dissolution

products of the soluble substance leaves the wastes

0.6 gpm or 1.19 106 L/yr enters the wastes stored

below the saprolite layer and combines with the 1.4

gpm or 2.79 106 L/yr of water flowing into these

wastes from the eastern end of the pit total of

2.0 gpm or 3.98 106 L/yr flows out of these wastes

through the western end of the pit known as the river

pillar

During the recharge of the backfilled wastes groundwater

flows into the wastes from below and precipitation and

runoff water into the wastes from above
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The 1.18 lo8 of groundwater that will enter the

base of the WRII will result in an upward displacement

of 1.18 io8 of water into the WRI and into the

lower 56 percent of the SAP

This displacement will decrease the total quantity of

soluble materials with the lower portion of the WRI

It was assumed that groundwater flow through the

stockpiled wastes would not commence until the former

groundwater levels were reestablished Lateral

groundwater flow through the wastes would begin at

that time The three waste layers--SAP WRI and

WRIIwould respond chemically as five separate lay
ers These layers are the upper 44 percent of the

SAP layer containing 3.55 lO pore volume which

would be filled with water containing only background

concentration of chemicals the lower 56 percent of

the SAP layer containing 4.59 lO of pore volume

which would be filled with the water displaced from

the WRII layer the WRI layer containing 7.21 1O7

pore volume which would also be filled with water

displaced from the WRII layer the upper 47 percent

of the WRII layer containing 1.07 io8 of pore vol

ume which would be filled with water in equilibrium

with the soluble compounds and the lower 53 per
cent of the WRII layer containing 1.18 108 of pore

volume which would be filled with water in equilibrium

with the soluble compounds but differing from the up
per portion of the WRII in that the quantity of

soluble compounds would have been depleted by the

quantity of dissolved minerals that were displaced

into the WRI and SAP layers
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These five layers are referred to as SAPA SAPB WRI

WRIIA and WRIIB respectively

The 0.6 gpm flowing through the two SAP layers would

displace 3.55 l0 L/yr and 4.59 l0 L/yr from the

SAPA and SAPB respectively

The 1.4 gpm flowing through the WRI and WRII layers

would displace 6.76 lOs 1.00 106 and 1.11 106

L/yr from the WRI WRIIA and WRIIE respectively

It was assumed that equilibrium would be established in

stantly between the inflowing groundwater and the soluble

compounds Also it was assumed that there would be no

suppression of the solubilities of these compounds due to

common ion effects

Some of the layers sorb some of the dissolved chemicals

Copper is sorbed by the SAP layer manganese by the SAP

and WRI layers and iron by the SAP WRI and WRII lay

ers Sulfate is not sorbed by any of the layers

It was assumed that the sorption reactions occur in

stantly

No desorption reactions were used in the model

It was assumed that the measured concentrations of

these chemicals in the shallow Precambrian wells rep

resents concentrations that are in equilibrium with

these crystalline rocks The reduction in concentra

tions of given chemical due to sorption processes

is the initial concentration minus the background con

centration
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SULFATE

total of 8.60 1012 mg of sulfate in the form of gyp
sum will be contained within the WRII layer

The solubility of gypsum in pure water is 2400 mg/L
Sulfate derived from the dissolution of gypsum will have

concentration of 100/176 2400 1360 mg/L

The background concentration of sulfate in the shallow

Precambrian wells is 9.9 mg/L

The quantity of sulfate contained within the pore water

of each sublayer at the time lateral groundwater flow

commences will be

SAPA 3.5 1O7 9.9 mg/L 3.52 io8 mg

SAPB 4.59 1360 mg/L 6.24 1010 mg

1EI 7.21 1360 mg/L 9.81 1010 mg

WRII 2.25 io8 1360 mg/L 3.06 loll mg

The amount of sulfate displaced from WRIIB to fill the

pores in WRI and SAPB is

6.24 1010 mg 9.81 1010 mg 1.61 1011 mg

Therefore the quantity of sulfate contained in WRIIA and

WRIIB is

WRIIA 6.97 1012 mg 0.47 3.32 1012 mg

WRIIB 6.97 1012 mg 0.53 1.61 loll

3.49 1012 mg
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The rate of removal of sulfate from each layer is

SAP 5.21 l0 L/yr 9.9 mg/L 5.16 106 mg/yr

SAPB 6.72 10 L/yr 1360 mg/L 5.16 io6 mg/yr

6.76 l0 L/yr 1360 mg/L 5.16 106 mg/yr

WRIIA 1.00 106 L/yr 1360 mg/L 5.16 106 mg/yr

WRIIB 1.11 106 L/yr 1360 mg/L 5.16 106 mg/yr

The length of time required to dissolve and remove all of

the sulfate contained in given sublayer is equal to the

quantity of sulfate contained within that sublayer di
vided by the rate of removal values listed in 2.d and

2.e divided by those in 2.f The calculated times are

SAPB 8.42 years

132 years

WRIIA 3010 years

WRIIB 2850 years

The concentrations of sulfate in the groundwater leaving

the pit through the river pillar is function of the

time required to move the sulfate from each layer 2.g
above the concentration of sulfate in equilibrium with

gypsum and the background concentration of sulfate

The time based concentrations are

08.42 years 1360 mg/L

8.42132 years 1100 mg/i

1322850 years 832 mg/i

28503010 years 317 mg/L

3010 years 9.9 mg/L

B-S
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MANGANESE

total of 2.47 1010 mg of manganese in the form of

manganese hydroxide and manganese sulfide will be con

tained within the WRII layer

Twenty five percent of the total manganese will be the

soluble compound manganese hydroxide The solubility of

the hydroxide is 1.2 mg/L of which 0.725 mg/L is manga

nese 1.2

The background concentration of manganese is 350 mg/L

The quantity of manganese contained within the pore water

in each sublayer at the time lateral groundwater flow

commences will be no sorption considered

SAPA 3.55 l0 0.350 mg/L 1.24 l0 mg

SAPB 4.59 l0 0.725 mg/L 3.33 l0 mg

iqfl 7.21 l0 0.725 mg/L 5.23 l0 mg

WRII 2.25 106 0.725 mg/L 1.63 108 mg

The SAPB layer has sorption capacity of 6.55 l0 mg

for manganese 1.17 108 mg 0.56 Layer WRI has

sorption capacity of 1.67 108 mg for manganese There

is more than enough sorption capacity in each layer to

sorb all the manganese displaced into these layers from

the WRIIB displacement Therefore the manganese concen

trations in layers SAPB and WRI will be 0.350 mg/L the

background concentration

B-6
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The amount of soluble manganese displaced from WRIIB to

fill the pores in WRI and SAPH is

5.23 l0 mg 3.33 l0 mg 8.59 l0 mg

Therefore the quantity of soluble manganese contained in

WRIIA and WRIIB is

WRIIA 2.00 XlO10mgXO.25 0.47 2.35X l0 mg

WRIIB 1010 mg 0.25 0.53 8.56 lO mg

2.56 lO mg

The rate of removal of soluble manganese from each layer

is

SAPA 5.21 l0 L/yr 0.350 mg/L 1.82 l0 mg/yr

SAPB 6.72 l0 L/yr 0.350 mg/L 1.35 l0 mg/yr

6.76 l0 L/yr 0.350 mg/L 2.37 lO mg/yr

WRIIA 1.00 106 L/yr 0.725 mg/L 7.25 l0 mg/yr

WRIIB 1.11 io6 L/yr 0.725 mg/L 8.05 10 mg/yr

Only the soluble manganese in layers WRIIA and WRIIB will

contribute to the concentration of manganese above back

ground in the groundwater leaving the pit The time re

quired to dissolve and remove all the manganese in these

two sublayers can be calculated by dividing the quantity

of soluble manganese in each layer by the removal rate

values in 3.e divided by those in 3.f The calculated

times are

WRIIA 4000 years

WRIIE 3920 years

B-7
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The concentration of soluble manganese in the groundwater

leaving the pit through the river pillar is function of

the time required to remove the manganese from each layer

3.g above the concentration of manganese in equilib

rium with manganese hydroxide and the background concen

tration of manganese The time based concentrations are

0-3920 years 550 ug/L

39204000 years 445 ug/L

4000 years 350 ug/l

IRON

total of 8.84 loll mg of iron in the form of iron hy
droxide and the mineral ferrihydrite hydrous iron ox

ide will be contained within the WRIT layer

The solubility of these compounds is limited since they

are stable an sparingly soluble materials concentra

tion of 320 ug/L of iron is supported in solution by

these compounds This is approximately the solubility of

ferric iron under these conditions

The background concentration of iron in the shallow

Precambrian wells is 220 ug/L

All of the modeled waste materials sorb iron It is as
sumed that the equilibrium concentration that the water

will maintain is 220 ug/L

The rate of removal of iron from these waters is

3.98 106 L/yr 0.320 mg/L 1.27 106 mg/yr

B-8
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The time required to reduce the 320 ug/L to the back

ground concentration of 220 ug/L is

8.84 10 mg 1.27 io6 mg/yr 696000 years

The calculated time suggests that approximately 700000

years will be required to reduce the initial concentra

tion supported by these sparingly soluble materials

COPPER

total of 2.64 1012 mg of copper mainly in the form

of copper hydroxide will be contained within the WRII

wastes

The solubility of copper hydroxide is 22 ug/L The con

centration of copper in equilibrium with copper hydroxide

in pure water is 14 ug/L 64/100 22 Copper hydrox

ide is less soluble than iron hydroxide at nearneutral

pH conditions

The background concentration of copper in the shallow

Precambrian wells is 13 ug/L

Since there is no statistical difference between the

background concentration of copper and the copper sup

ported in solution by copper hydroxide there is little

sense in modeling the changes in copper

For the sake of completeness the rate of removal of cop

per from the wastes ignoring sorption is

3.98 106 L/yr 0.014 mg/L 5.57 iO yrs

B-9
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The time required to reduce the 14 ug/L to the background

concentration of 13 ug/L is

2.64 io-2 mg 5.57 mg/yr 4.74 1O7 yrs

The calculated time suggests that approximately 47 mil
lion years will be required for the complete removal of

the rather insoluble copper hydroxide

BlO
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FOREWORD
One of the early activities of the nierica Asscizit ion iirservnien uc was

die developnient ol staildardi7.ed svsieni til si/inc and clescrihi ig plants to laciliaie

tile trade in nurser stock Since 1Q21 ilie Asociaooi has niaiiitauied an active cmii

notIce on standards lis hrst edition of Hortieuliura Siandards was puhlislied in

1923 linie to tulle these stand ards were re iced and expanded to ntevt die

needs of the industry

Alter World War II the Association elceied to make the standards national

standard lix ad liering to lie standards proced tires ol lie America ii St andards Associ

at ion The first edition published uder lie proced tires of the Americsn St ndards

Association forerunner of the current Anierican National Standards Iitstiiiitel was

Piihlisliel on tine 22 1949

The revisions included iii llic 1973 edition were developed hv the Associations

fbi iietihtiiral Standards Conintittec since January I999 The Proposed revisions were

suhmitted to interested national and regituial societies assuciatnuis and govern
uiental agencies for their review and endorsement

STANIAItDIZEI PLANT NAMES

The nomenclature used iii tIns issue of American Standard for Nursery Stock
coulornts tO dial of Standardized Plant Names Second hiditiou American Jonit

Committee on Horticultural Nomenclature p42 Ptthlislier brace McFarland

Company I-I arrisburg Pennsylvania

HORTICULTURAL STANDARIS COMMITTEE

Ralph Shugert Chairman Spring Hill Nurseries Cotripanv Tipp City Ohio

Larry Bachnian Bachmans Inc Minneapolis ititiexot

Edward Ballard Annandale Virginia Representing American Society of Land

scape Architects

Lester Begick Bay City Michigan Representing National Landscape Association

Bruce Briggs Briggs Nursery Olympia Washington

Jack Brownebl Rhode Island Nurseries inc. Newport Rhode Island

George Cobra Morning Star Nursery Inc Rives Tinuessee

Robert Dennes Stark Bros Nurseries Orchards Ca Louisiana Missouri

Homer Greenwood Moutit Arbor Nurseries Shenandoah Iowa

William retitzfeld Hill Nttrserv Company Dtiticlce Illinois

Michael NI ichael hi ichaels Nu rserv Boyni ott Beach Florid

Gary Moller Moliers Nursery tic Gresltam Oregon

Ib aridd NickeL Greenlea ursery Com patty Park ill Oklalioni

Jolt ii Raii Iha ii New York Represeiit itig New York State Depart menl of

rausportanon
William Thornton Cincinnati Ohio Representing Associated Landscape Con

tractors of America

Wi ha ni Toinlinson Select Nurseries tic Brea California

Martin Usrey Monrovia Nursery Company Aiusa California

Dale Wild liie Sarcnxie urseries Sarcoxte Missouri

Hewitt Wilson C.E Wilson Nurseries Inc Jacksonville Texas

Phillip Worth Katikakee Nurser Company Aroma Park Illinois

Aniericau Association of Nttrservnien Inc

230 Soui Iterit 13 tiild ing

Washington D.C 2005
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DECIDUOUS SHADE FLOWERING TREES
1.1 JL\IRAL SP1TIIl Al IONS

1. CALIII.k_ AN IllIGII1 HlMlNl
In NI/C tlttilit 11 liee ..tlitei li.tli t.ikt

Ii IF lIeiilll

silt .ItIIi ItIti tlttl Irets lIen_OIl si.iIi n_n jtreet

deiiet In 11111 Ic pci iIhes ill CCCtICIlt

II Iq ltl Itt itt Illilik II he ken ii Idles atts lie

tn_i Ill Ic ci lIlt it .1111 Ili 1111102 11001 calIper SI/c .1
lid 12

nIelit alone IlL CitIIIiI tiet liii Oncel sites

\\Iiere II 111111111111W antI ilIaslilllIi1i .i/e IC NI/c F2I11C is

speeilieih the at eflI/I iii 11W liii slitililIl iIjlliII5II11ate the

IlilIlpIllIll
II lilt speeded NI/C ia1112e

1.1.2 1111 GilT 01 III1ANCI II ITTIEES
Llnless tllileittlsC

sjIeeItIeII liees ale Iii he si.iI.IIuIe lot

plaiiiiiig as slretl ices nid are he lice iii llillletleN ti

p11111 211111111 SO ol lIen llell1IlI len_in lii slninld

In_at 1elalIlIllsIIIJl It lIlt NI/I anti kIlal iii live 211511 Nit lila

he ci 11011 iii lit ice will he III eloltI baLi ice St 1111 the trillIk

as lIe ice eioiss

Ex itgii pies

Acci plhollIes ii iii cal. 12 111 14 Ii bra nelicil

It Ii II

Qnerens Itorehli Maxillul 3i 1114 iii cal. 14 Ii 16 II

lIraill_Iled Itt II

Irecs 111111 aseenclllig lii allelles exailljlle I.Jlnns ajiter

leana 111 lilia lllniehltnsa nlav he branelteti nile 111111 111

iuoic below the statidarcl hicielit nn.I still provide 1lpcr
clearance wInch is 1111 plilp1n_c ot tills speeihetilioll

1.1.3 hEIGhT RELATIONShIP 1O CALiPER BY
TYPES

11 is recognized 111211 climadc collclilions iii dilicreni

sections 01 the ethlnltrv prodnce trees ni dilierent calipct

hcnht proport ions Irees 1mm tItle reuloil ol the chIllIly

ma base less calIper ill prllporlinll It height wIllIe trees

Ii101 tel Iot lt .t ci ea el 111 ni
pi tt

it sIt tt lIt lilt iti IlL it It

It itt II tc sIt lltt tteltc ltenI r.tltet .1
Ist I0.t\llitltn iieleIO\ perllillled Set 1.1 Ii

.3.1 Pe SImile ices

Iii ticleil reltiittslii1i II eaiiltei IIi It lntsl NltIltitlti

slttt lee It .1 hits

era ize

II CiglI

Caliper laime

lit ill ltlt II Ii

itt Ill It lit Is 11 tO II

Ii Ill lit It Ii 11 II

114 It in It II It 12 Ii

111 hi III ltb Ii l2I 14

114 It III It It 14 Ii

ti 21111 12 lit II

2t1.IIl l2tt too
ii Ill 14 lit It II iS II

Ii iii Itt 15 ti

.4 Itt ill It lit IS 22 It

Ii Ii in lb Ii
1111

21 Ii

Si 01111cr itnc nith 1111 lie ciliperccl it desired

Lx niptes

ccr rnllrllilI satelia 111111111

lct lila

lraxiIItIs anici ieana peiiilsYIsaniea

Ilk gi

iIsi

.1 li idciitl

Illt Its

Ittlpll Ills

llerclls Istirealis nlll l.iltIsllis ielitis

S.tIlx

ii mel 121 ll

n_its an_em leali

1.1.3 T\lc Sham1 ces

et.s iii 5Itt\tci
gi

tb 10 stlin.li still nt-i tisn_iIlv allam lie

lien_Ill nleasnrclllelll in relalIlili ti ctlit ut ie T11e

iteleilI sltitiild linwevel Fe 11111 less lot iiiiids lie

lelelti reliinlltillp giveit till tipe iSee 1.1.3.1

Lx in p1 cs

Acscnlt.is

ellis

Ciatirastis Inn_a

ifll SVls.il lea

k_tie iiei lena

l.a 1111 ill 11111

1.1111
ida Illilal

5555

.iier us abt

isns

tiit ill ti.i .1 nctttii

I\lasitnuiim

Ileighis

BRANCHiNG HEIGHT

1tir Cf trcs

Mi t.Si Itt Ni
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ia .ectis

.i ILSITI

M.ihi tm 1st crTlITapplcs

Ii linus c-ct Tisiltra litiiidercliiut

It LOhtO Sc OlTita SIIITIII CUT

Sivras

rilleTi Tl1TttIClSi iTiponicTi

1.1.3.4 pe Small Spreading Trees

hIS is TI IT OII
CrlllIjT

tilCiEIIIIl 5111111 spreiditte ticcs tit

tie irl ITTIITII iii erins tit am certain lame sItrnIs erEiwil ITT tree

ill nnittisteitiiiicd lomin lLiLltt sltiii tTC tile I4EIVCI title

nTLTlsllrelnent Ior sinole stein pitnit- the iTTinilTinIn

lTrTi nclTi ng vilt hi_ as IEiiIiiws

2-3 it Elf TUfC hriiicIies

34 Ii ill iTlille lirTitTelies

4S Ii Eli jni ITrTlnclles

Ii Ii 111111 In
TI

ILCIILS

tiS It Elf mElt Ill
Ti

tidies

saniples

Acer 111 inia hull w-isetl ITT

ElF Ii LI

1_ageust FEll iTt iiiI ica

MTIgttUIiTI siiiilitigcani sIeiIita

1.1.3.3 Type Small Upright Trees
Mains

sTilgeIltil

Juts is hriitti
eritip tIlcitolitIg siliTili npright trees which

\- 11111 111111 prItnitElitItill

mas- he urowi as TI clomp Elf shrub Height shall be tile gm
CrITiITg nicasttrentetTt JETr single SICITT plants tile IllilItiT ITT

rclati1nsitip ETI cTii per hrancilitlg will tttiaiiv he TES

toil Elsvs

1.1.4 DECIDUOUS TREES FOR OTHER USES
Trees For special uses 11111 11 be bra cc bed or Tt ITC

111111 ally TIecEird tug tEl type Where T1 Form it grISVtIT is cte

sired which is ITITt it TICcordTItTee with Ti iiatEtral grETwttT

htTlhTll tins hirn shti.ittid iTe SO 5pecTt1t

Examples

Bush Form rees which start Ii branch close to he

groit itct ili thue oTaniler ul sITiItl\

Clomps trees svtth two If ITIETIC tiiatn StetTTs siTurtitig

111n tile
141111

111 \Vitil the iTnITihet it stems 11 be

spcethiett

Cot Ia tIc Ir Shea red ices tat It SC iTeelT
T1lt

IT ed

hack so as to nTIttttiTIV the branchti 114 strEIetOi ttth RI

ci Op ITT TIC Trill TI eli eet

TV

SHADE TREES

ME ASUHI ME NI

HA II IN

4EIl

1411111 IN RE Al tIN IC

CAL IN Mel NUT 141 1ST

sA TWO tlll1U 111.1

Ui it IN TAint II II

lAO Al PEN INI IllS

AIIOVE i1IOOT Ii VII Lii

Ti IN Ii I.E It Till II

MONt NEIl AT IT NI iiS__ -LTJ 4Tpj....

II It.

.1 tO Ii

to It

to ft

It ic It.

5/16 in caliper TI ITTOVC ITraITCI1CS

7/ in Ca per tTt II Ore bra iici leT

9/11 iii caliper tir IT1E1VC hraITChCS

11 16 iii Caliper ITr fllOIC braiTCiTcs

7/8 in Ca Ii per Or iiitire branches

SMALL SFIiLAEIING

IREFIT

TYPr

SINITLI SIl.TMID

HITITIO SE FT

ii
UI 510111 IIIAJCHIS

SMALL UPRIGHT

TREES

TVlE

SINGLE STIMMLD

OP lOIEE III1ANCIIIS

11110111 IT

CAl IPEI1 116 IN

Examples

ef eTunipest re cit cm at ititi

Cercis
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tipiars it ..
t_a.ollIet cia telil

1.2 It ARE 1001 SlILCIFICATIONS

1.2.1 NURSERY GROWNSPREAD OF ROOTS
Alt hare root tiecs shtli Iiait- itcH atiched loot

characteristic ol the species FIte loiltitsiitg table rctltcscitts

the nilitimniti root SIII
cait lot nursery gros ii shttitli

-ccx-

Average Nliiiniui

Caliper leight Range 1uit Spread

Vi in toll It tii

34 tO in to It 16 in

to 11/4 in to 10 It 1$ in

Vi to in to 11 It 21 in

Vito in ID to 12 It 22 iii

Vi to in 11 to 12 It 24 tn

to in 12 to 14 It 28 in

to in 12 to 14 It 32ii

to3Vi in 14 to Ii It 3$ it

.2.2 COLLECTEISPREA 0I RO0lS
liecs collected front native stands or estahlished plaitl

iitis iiitisl he so designated lhie spread ol roots Itare root

reess Ii all he 12 real ci it it lie react ol roots ha root

ilnrserv grown as tahnlatcd ahtivc

Trees cot lected Irotu wi Id or it live stands in av he eon
sidered nnrsery grwtl when hey have been snccesslnlhv re

est hi ishech in lie titi rscry rosy iicl grown tinder regu

outset- cnltnrat practices for niinimnni oI two growing

seasons and have attained adeqtiate toot and top growth to

indicate loll recovery from transplanting into the iintsery

ross-

1.3 BALLING AND BURLAI1PING SPECIFICATIONS
Ball sizes slioul always be of diameter 1111 depth to

ciicootpass eIiiIIgIl fibrous and feeding root stem neces

san for the ftill recovery of the plant

lilI tVc\

ttL_ tuck lie iiui tcpteseiits the ictticetiiiee ltwiic

11111 Oh Slit iii Hi Its liii CL_S itch ate tue cc le 111 05 it

11111 5C15 Li 1101 astit Jhlc
gi iit lt_ oct Iticitis itt It It hi ha

ICLiIS ed tlhe pp c-tilt oral tteit went to des chop si cIt

hti uttittt ri 5tifl

Iis 51tct lit-at tot .111 iii Ia its clii ssit ti hit- Isa It cut

e.nttt 01 sc liltli tlic are t2i ciss-iltg

Shade Trees

pes and

Trees

pes and

Caliper

Nliiiiiiniii

Iianieter

Ball

Miuiiinun

1jaineier

leiglil Ball

hit-lies hitelies Feet inches

1.234

-I
1.114

4-r-2

Vi

22
2-3
3.3i/i

3.1-4

4-4/2

4-S
Sn

12

14

Itt

18

211

22

24

28

32

38

42

4$

54

2-3

34

4-5

5.6

6.7

7.$

8-9

9-10

111-12

Itt

12

14

Its

1$

21

22

24

26

It is recognized that istwits llas-iii coarse dii sscle

spreaning root system heeanse ot nttinttl Itahit id growth

sill condition itthieqtient atispianti 112 piactiec cit tInt are

moved out ol season would
t-echtnrc site olbahl in excess of

tile teecttl tin end cci sizes

1.3.2 COLLECrED
It is getteraltv reeogtiizetl thi plants growing in titeit

nat lie state si-itt sustain niticli mote seveic shock sihen

transplanted than the satot kiwis ot pltnits when nurser

grown II ecitleetech material is noised etinsichctahlv target

hail tlt that reecinioienctecl lot- tratisplantec stitch

is recttntect because cil the unrestricted root development

attct the satving eonditiotts itt stilt iii wlticti soc-h material is

tint to

tie miitttit inn halt sties shalt he ec nat to those sped lied

in 1.3.1 or the next tat-ger st/_c nnrsct grctwn stock

tees collected htitnt wild icr native slatld5 max- he con
suIt-red ilitisery giciwil wticn the has-c been sticcessIuill rc

cstaotishiect in the ntirserv ms tincl grown under regular

ttiti set ciihtnrttt practices lilt niiitiiitntc i-I toil gi-ciwittg

setsclas hoist itiniiect loot
lili gtulsstih

tic

itict ieatc tilt t-ceicvct ticitli trattsstttitittg otto the nntctv

ross

1.3.3 PLANTATION GROWN STOCK
Pt ss-titeti has-c been vstt-nuaticaitv ptattcct itt lertihe

triable soil si-intit ts i-ctativclv lice til stones Icitcigit

ttiattct butt sshici tict tias hceti niiitnsltitti ut tctc
tte titittitlintit hiatt st/is shalt he

ccttiah tic those spcctlicch

iii 1_i-I Icr thtc text larger sl/t tittt-scry grist-ti stock

N7



.3.4 BAt Ellfl ITS

Ildel curl .111 s.I acId tIji HUt UIRI lilt 115 ii ccl

rtti St sleills cii ItlriiiiTictieis less letill uid Lreciie III

1111 ci ese CI lit 111 Pt sic Ii 11111 II iii Ii

111111111
is tIlill1l.i55 lit Ils iIlltI.Stit Ii iuiie l.jIIt

Ill ttil.llll lti_ltIliS ills iItteIl eleclel Cicilli dlii es

siTreclti FeIiIiIrilIi1 cii esteptiiticIR Cell loll Inch nas it

siciliei Iii IciTTleleT til crecier ii cieTill lion liii st/c TI

tI 11111111 111 CCI

liii the elecliel 11.11
iii ilte IIIIIIi1t lali tieplils tsii ecirrt

lie lot Ii ill pci liis

Balls ts Ill IciITIeiers less liT 21 IncItes Lepl ci TOil less

11011 75 iii tI lcIIlleicr

Balls II lii lIcITilelers iii 211 iiiclies 31 iTches cci

Ieiiili itil less 111011 101 iTt llciltleier

Ibills ts tilt liclTlelers iii 31 clIches ii 45 incItes lid

eplli III less IlIclIl ill. iii IlIcililelel

lIctIls llIii clicneiers tel 4h inches tt ii lose lie
titlliil

sect lii tl itt ii troth in 14111.1 clv

14 1\\l\l CU I\ Sfl ChIC lOSS

lihiti CI II Its si i.il ill 11cc lIt tofl 11s 11

ill etc TI esi
ci

oils let Ill lIe 1111 111 ic ii It cii iitt cire

sit itt shall licIst Ins II 11111
ci It ill tIlI.llIIt ci Ill ci

Ic eIIIttI1l till ItI Ill ii

-\t esicilisliei uIIlciIliti Wilt1 Ii Iree sciii it 11cc liclils

It Ii Ill nioc 1111 ci 111W ci 1111 lilt II Ill tO dO IT ci lie 5U lii

111111 It line ill lilt nets iliins Pools ii have deselipetl si

licai liii liiIi lids Is ill ii Ill sllITC cool litilCi TiiIjtiltl

It tI WlliIt Cli Ii II lIe 11111

lit ellIl.IIIIIl sil.lli lii sIlhIieIellIls IIClll 11 111111 ilIe 11.11

silcllit ilrlliltlIlIe lilt roil 111055 1111 III SIII111TIII4

itt dill 1111 111111 i4Tllts IlIe 501 WIles T1di lit nT sites

slllclllCl Old sicilIlldIli liii
ci LitLIl si/C eilTllc.lIlel

lIt 11111111 1112 1Iit elves lice sI/Is cR1 dieeepicllile Clii

Icilne si/es

Coiti Iiuei Slit

ccii Ircicle tieslLcllciiiiihii IilillllIIlIll ol

lIlIes cit hiss bIT coil lieielii ol Ii IIILlIes

IF ci
It iii 51111 IUC

Lid1 hircitie iesih2lIcIiTTII I5illlllhiiITli ii

lilt_lIes cieniss 1111
dull lelii iii niches

il

ttl
1150 ItId .11111111

ecd. el4i_4 call iii
dCIIldIlC

ecu ilrdlle ilesi

IlcliiiI1l isliIilTlllIlll iii iTiIles dIll liSS 91
01111 lRILlll il III 1111111s

Ill tI lIlt Itll ti 111.111

1.5 BA lIED ANt TIEl
liciilecl dull lT1111ei 130115 cue flclll1jrlssll 111115W l11c111ls

1112 St ciii IldIli cii ecu Ii .1 iii II1icIi Ill srlieli lIe .ilU 1411st

Tue .11111 III lien III 11111 ldllplll4 cue pldeeli ill ci ellllcillier in

leidliul Ilie lTccli lIllItlilkell

Bcil suics sIlcIl1 cut cit ITt III dl iIlcIIfliiIi cilICI cIl_pili ill eli

euullTclss eT1tiIIi4ll hiiniiuus 01W cccl
1112 111111 svSclll lICeCSSdllV

lii il_c lull ueetlver\ iii lId phIl
the ITIiI11ITTIITTT 1101 SI/c sTeciIeclb ICTIT liii ITcillell ciud

p011111 icl5 slicuil 11 bIle ScIlit 15 Iii Icctileci ciuuii Itici

lapped picunis 15cc 1.3.11

ICE 114111

Ill

..1 iii

2li II

ii Ii

21113 Ii

cii

uS Ii

lois It

iol Ii

1115 Ii

BALL DEPTH RATIO

OIAMI 111 55 THAN cli IN

Ill ITt NOT ES 0AI 75 01

JAM Till CII If WhIT Ii

IIAMIlI II 711 TO 11 IN

III PTH NO1 LESS THAN

2.31 01 oi WIOT

DIAMFTEP 31 TO 48 IN

11 IT
ii NCI ES HAI

ill. OF Cii WhIT

IlALl l5IT IIIAMLT FR

Cl 31 Ii 01 MC1III

SIIOULLj it 51cM LACtic

118



DECIDUOUS SHRUBS
2.1 GENERAL SPEC1IICATIONS

2.1.1 hEIGhT MLASLREM
2.1.1.1 Dwarf and Semidw an Shnihs

State height in inches
nji

to 24 inches over 24 state iii

feet Sue grade iii inch series to 18 inches six inches 8-24

inches and ovci 24 inches iii toot sei ies Isaniphes 12I5

iii 1516 in 1824 in 2.21 ft 223 IL

2.1.1.2 Si roiig big Shrubs

Grade in incht sei.ies
tip

to 24 itches example 1218

in over 24 iieties liv single feet
tip to Ii ted then in dtnhle

feet above Ii feet es 8JO Ii

2.1.2 QUALITY lEFINITIONS

ha plant is welt grown wit Ii single stem well slialied nitl

hnshiv and has snllieieni oell spaced side hr to give

wei lit and good hind qnalit es it slitlnld hi an ieeeptalile

plant

cane shall lie considered prmiary stem wInch starts

lrnni lie ground oi close lii lie gronntt point not higher

than oneInnrtli the height of the plant

2.1.3 GRADING TOLERANCE
The growing o1 plant material cannot be rigidly stand

ardiied because of varying conditions o1 growth and

methods of handling preferred or necessitated liv climate

soil aiid oIlier conditions beyond the control of the grower

Jtidgnient should therefore lie exercised and ahIowniees

made iii the above definitions to agree with those which are

recognized by the trade as typical of aceeptahle plants iii

that region

2.1.4 RECOMMENDED GRADES
Lots or groups of pl of given grade should have an

approximate average height as in the lollost ing ex
Grade of Plant 1824 in 23 ft 34 Ii ft

ppte Average oh lol 21 in 2/2 It 32 It ft

The recommended grades apply to the height of ptnits

grown under average soil and climatic conditions in nnrsers

heas and fields which have heen transplanted root primed

and trimmed according to regnlar nn.scrv practice Jndg
iiient must he c.ereised in

iiterpretmg ad these

general chassifieatiinis_to niv particular species iii varittv

aticl consideration given to the normal
gi

twth li cr

conditions peculiar to due region For eont giown

shrubs see 2.4

2.1.5 TYPES OF SIIRUI3S

2.1.5.1 pe Shrubs II big Tendency Not to Mature

All Top Growth

It is an accepted nnrscry trade practice to prune the
till

growth of these xlii nbs hack to live wood

2.1.5.1.1 Type I-I

in shrnbs should have no less thom canes ni and

up of live top in and up shirnhs should have no less than

canes in and tip of live 101

EAarnphe Hvd ra iigea in acropltylla

2.1_S 1.2 Ii pe tt-2

tt ni xliii hs slit Id iI te nit hex Ii an ta nt-s ni

ttt lit

till

Lxanijiles Caropucris lvpei icon sin nhll\ lilies

2.1.5.1.3 17ht f_i

12tb in shirnhis should have not less thom canes 12 ni

inth 0P ot lii it

18 nu up shirnhs slioold have not less than canes lb

id 01 itt lii till

Exaniples h\driiigea arlnirseceiis iiiuddicia Vitex

2.1.5.2 pe Shrubs 1warf aIIl SeniiDw arf

1215 in shrubs shionld haic not less tli canes 12 ni

ml np
1516 in .sltr ohs shionld have not less than canes IS ni

nil

Ui24 in sIn nlis sluonld have not less thini canes 18 ni

ml

2_21 ft .slw ohs slitinhil have not less tli It

ill

.1 It shurnlls shionld have not less tItan canes 2/i It

nil ill

Lxain pIes

13crhci is tlnnihergii atropnrpniea Crinisitn Pigntv

Den hiia gracihis

Fntinvnins ki Jeivell

liotenuilia Irntietisa

Iilies ifpinnni

Sliiraea hunialila Anthony Watei ci

2.1.5.3 Tipc

1824 in sltruhs should hi not less titan 18 01

nil

23 ft sIn uhs should have not less tItan canes It and

enMiARiSONS IN THE VARIOUS TYPES

OF oieiouOuS SHRUBS

TYPE Yil

1CANES Eii CANES OR

MORE Fl UF MONt Fl Ui

5-

L.
15164 tiFI TYPE

CANES OR CANE Oil MO11E tAt.i OIl

MattE iT UF 711 Eli 3.8 CAL 1ICIRI FT III

lYPi

CANE aT

MORE 211 UP

N9



up

LI

Ftamples

Aialca deciduous species

Ccphalanthus occidentalis

ornus alba sihirica racentosa stohinilcra

Liervil Ia sessililolia

flea virginica

olksvitzia aniahilis

Lespedeza thunhergi

Ph ildelplnis lentoinci

Pshodotvpus scandens

Itosa inultillora setigera

St epli it and ti ucisa

LII

Lip

up
Examples

Aca nthopa nax siehold ian us

Alnus rugosa

Arnelanchier

ron rhu ti lbhi inc Ia oea rp

Calvcanthus fleridus

Chacnonieles spccosa

titI it

It

It shrubs sftttult have not less titan canes and

45 It shrubs should have not 1css than ft canes It and

ct ii .1 In

.ttrttts anttntu stttLtt net

tirsltis nterteana avellttita

nea st etac ttni oh it

leutta tall LIOn tile species

ittoltvltt 115 tneriea ii LI

Ft irs vt lit

II atitaiiielts

II hiseti 551 act

lvcItaItget ptnictttt prttttltlltitt hltest_ee

hex haesttiata ver cilIa

Kerrta iapttltiea stitilc alit1 litttlllel

Ligtistrttni olttttstlolitin ret4clttnttln

Li ill icera ltoslt trut

Ni vrtea pettsvlva Inca

ltilttlelplttts virstttth ts

lrttiiiis tiittvgtl ctsttitt .asil .i
iltthtt Ittislt

Iorttisl

ltlttts ca itathetisis

Ittsa ltlt nda rutilisa

ettt ltitrt ts.tttegItLd lotnsb

Sitrltartt tttelttsttttt trl1iIet stirlitloita

Slllraet ttll
tttvittt iitetles

Svniplttu etirpos elteittitltt nttdlis tteidettttlis ahlttts

ttrlt cit hat tis

Svriiiet elitttettsis antttreitsis jattttIttet osikaea pcrsica

villosa

\aeenlittnt cttrviithttsttitt stailtiltcllin

\ihtttrttttttt eassittoides Icntttttit lantatit niolle itpttltts

itticat
tI in tttntetttttsttn trilttltttttt

\Vl litiriltittida Ilortda

2.1.5.5 Type

th21 It shrubs sltottltl have not less than canes 18 in

2-3 It shrubs should have toO less lIt canes It and

34 It shrubs shtotild have no less tlt canes .3 Ii and

.4.S It shtrults sltottlch have not less than canes It titd

It

It sant pies

ittttrphta
Iro icost

ltcebtui is ltahittt cilia

arueutta arbot eseens

ttttattthttts vtrginisu

til it tea rhoresectu

oi in us nwrica 115 covgria
Cttrtttts altcrttiloltt ntts

1ietctttus aitcust il oh eontntutt ata athcilat

Lttot.ntus tilattis atrtpttrpturcus bungcantu curopaetus

vet toe is

Escichtorcl rtccntosa

l.tlcsta etrtItta

I_c
lsech cia olcn

Littcicra hetcittin

liiuuttiutts catltartiet Irtttgttla

ittlnts uiclottttts

Stiniliticits pithctts

Svt ti ija vu ha tts

tntai

thu tn tir let
.ct.o Ji ni Vol it itt

2.1.5.4 Type

1824 in shrubs should have not less than canes lb iii

.tntl LII

Ii shrubs should have not less than canes It and

34 Ii shrubs should have not less than canes It and

4-5 It shrubs should ta not less than canes It and

Ml



2i..t Yp
2-4 ill stll 15 ii III lull lie iii

lieii.nl Iii in cal

23 it shiubs nth or tunic canes It and op in iicielii

3/5 in cal

34 It shrubs With ni Ilinre canes It and

-2 in cal

45 It shrubs till oi ninre Canes It zinc op ni height

5/8 in cal

56 It shrubs with iii nntre dines It ant op in height

7/S iii cal

Exam pIes

Rlius copalitna ghzih phnia

2.1.5.7 Type ti Barherr

12IS iii Bet hens tlintibeigi canes or moore 12 it1 zinc

op
15IS iii Berhenis thonhctg canes or more IS ni znicl

1824 in tnni1._eii.u cziiies or more IS n- zinc

np
2.2/ It ltcrberts tlnnihentzi eznics ot note It zinc tip

213 It lierherts thitnilicigi cznies or tint 2/2 tt.zintl

np
It .siic Iierhcrs thinnhct gi Ii czines in moore Ii zinc

ii

2.1.5.8 PC Privet ledgimig

1824 Ligostruto in variety shall ltzive ezitics or moore

IS iii zittd it

23 It Lit.ostt-oni in variety sItall Itave eznics or tnore

It zinc op
34 It Ligustromn in variety slizi hizive ezimies or noire

It and up
45 ft Ligustrttni itt variety shall have ezniCs or none

It and ii
Note For Lzgostrnm obtnsinliont regaliannm see 1-pc

2.2 BARE ROOT SPECIFICATiONS

2.2.1 NURSERY GROWN SPREAD OF ROOTS
Roots of deciclnoos sltrnhs shzill iaie weIbiznicticd

root svsten charzietci-istic tlte species Bzne root sin ihs

shall have minztunm root spi cads as lollciws

Strong Gritwitmg Shrubs

Heitht

olPiant 18-24 in 2-3 It 34 It 4-5 ft So It -S It

Mm
tot

Spread lOit. liii l4in ltiin ISin 20w

2.2.2 COLLECTED SJREAD OF ROOTS
Shrubs eoieccd lenin itzitive st.nids oi estzihishied pi.nit

ines oust he so clcsign.ited The spread of toots hzn root

cottected shil ne orezitet than the spread toots ci

iiorserv growti sarnhs mis tzihnlzitect above

Sai ohs ciizcced Iroin wilt Ut native stznids nt.iv he enii

sictcred ntir-erv 4101i whet they htzive been sneeessttiltv rcest it tie 10115cr ow znid trnwii nndter ieeozll

tiltrselv enharal practices br nininon cii two ntowint4

seasons zitic hav..2 zittznoecl zidec1iizite root mind top growth to

indicate iti reci\ery 1mm transphzinting imtto the nursery

It-U Ll\U BE.. Rl.AllI.C SlLCIIl Al lO\S

Ititit sizes should at lie ol diameter auth dept ii tm

emit iiitipass cittiugli fibrous amid leehimig rout to stein net-es-

san the lull reeoser ol the platit

1.3 RSEIfl GROWN
to tohtciwing aohe repi esents the reeoniniemiclcc mini

1101111 st/es ol halls Ito slirnits st lichi are being grost omiclet

lavom able growtng eotichitiotis and which have received the

propel euhtnt trezitniemit to develop wellhrzinciecl root

5551 10

hiese speethezitiitiis arc br plzints dttg v-ithi the hall ol

ezittli ill ivhiiehi thie are growttig

Icciduous Shrubs

1\limmimnu iii

jam etc

hizill

mieltes

12-ISin

IS 24 ill

23 It 11

3-411 12

4-Sit 14

5i It 11

IS

21

8-9 II 22

9.11 it 24

1112 It 2o

2.3.2 COLLECThD
The niininujin sizes oh ball sItall he -cjnah to hinse speei

lied III 2.3.1 for the next larger size mint..ery grown stuck

Shrobs collected Ironi wild cir native stzitids mmiv be con

Nil



sideretl Till sen ci tsi c\ hen lies Iii lietn soteesslilIs ii.

est.tlilisjied in tile ticirsei Toss Lrocvn tinder reeoi.r

norsers enltni .d praet lees hit niintlnnlll cii Its-c gi cisc me

5tlt5tiIi5 and St all ned tdeq it ti liifl iid top 1_tI
ills ti

iiidieite till reetisers raIn II ansiilaliling Into ilie Ilinsens

2.3.3 PLANTATION STOCN

PIutts which lace been svsteiiiatieallv ltnted iii fertile

Iruihle sod which telanselv free of shines liiteteii

iiialter 1111 tshitic Ihiele hIlls Iieeti lllOiOliiiIli ii allencare

lie mininhnnl ball sites shall be equal 10 that slieeilied in

2.3.1 br the next larger size nursery grown stock

2.3.4 BALL DEPThS
bill tlit gle.iItl iii tlii country ball depths still eat-tv

lie f.llownii_t Iis

Halls svttli ilianieiers less diati 21 inches eptli not less

loin iii ilianieier

Halls tsithi cli iii 21 niches In 311 inches mel

eplli loll less ilitin lit of diameter

tncler certain sail tool regonial conditions plaIns have

10111 svstellls iii propiironltitelv less depth tool greater di
lintel liese require noile shallow bitt wtdet hall to pro

pt is eiieoiiiiass the lotUs Ciniverselv in oIlier soils mid iii

certain legions loots develop greater depth and less spread

requriiig an exeeptiotiallv feel ball which tniv lie snialler

ill diameter and greater in lepth than lie size reeoio

nietided

2.4 iNI tINLE ROWN Sri CIFICATINS
Alt ellialller tits II cleeiiinons shrubs hail lie healths

let tills ssellriioteil mid establislietl in lie 11111 hid ill

nI- lies are sold Ilies shall hiase tills hieli are of food

ti.ilits ni tn liea Id dust Inc n-cl it loll

All eslenlilalliel gt-oss tleeiiciiiits shrnl shall lie

ileenlnitos sInaI trlinsphilileo hilt ii etuntonel and gi Ot11

hi eontiiiter sill lieientl lone fit the nc liEn tins riiuils

liive ileselited Si that lb iuiui niass csd retaIn its sliipe

and odd togetliei wlieli tenioved liiini the eilloOliei

lie eolilaiiler shall lie snllieientls rigid to litill the ball

sbiipe proteelilig the roill mass during sltppiiig

iwzirl and light grossing varieties niav lie or sizes

smaller than staticlanl br given site ec-ntailler

The blowing table gises ileeilticuiis slit oh si/es and tie

eeptalle etililalner si/e5

Container Site

gal Urnle desigiiaiioii \lilnlllolli of la-I

illelles across
loll

unit lieglo ol Ii niches

ill Ctl ii va lent sal inc

i-al Iraile designatilill MitlitlItlIli oh

inches aeriiss 101 lIlid heirhI uI inches

CCIII
ivalent volume

2.5 BALLED AN POTTED
lSallecl aIldI potted plants are lieldgrcusvt nursery plants

clog svil It ball al earl Ii still intact ill which they are gross

ing and in lieu 01 hol-lapnilg zn-c placed to ecilitaitier It

relai tile ball llllht oken

Hall si/es shall always he oh
ti

diameter and depth to cli

compass enlnlgll Illinois and ceding I-thaI system lieeessarv

lot- the till neeos-eIy of the plant

The niinitniim hall size speeilieaoon br hihlecl incl

pat ted pha0ts shall lie lie sante as cii -illed and bill

lapped plntts See 2.3.1

leiglil

in0 lil

to 12 in

Ito If-ni

IS to l- ni_

Its iii 24 ia_

oi II

lIo IS in

IS to IS iii

IS to 21 in

ii It

IS to24 III

o3 It

31114 It

to It

BALL DEPTH RATIO

DIAMETER LESS THAN 20 IN

DEPTH NOT LESS THAN 75% OF

DIAMETER OR 34 OF WIDTH

DIAMETER 20 TO 30 IN

DEPTH NOT LESS THAN
66213% OR 213 OF WIDTH

gal egg can or sqlIztte eai trade clesig

Ititilili Minlmlin iii incItes across top

aitcl
Ileighit

oh 11 niches

or eq II isa lent sil ii ow
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COY 1FEROUS EVERGREENS
3.1 siLCIIICA IONS

3.1.1 QUALIT 1LIINITIONS

Die cjualii iii tVeigieciis iticicti .ssliillci ii hi itO iou

for the species
ii tandy uiiulcss iittitu 1w tieslenicit as

Speei lien Siicc.I his ttesienatio iiius lc used ii iii

eate cxeeltuulnaii\ liI well sti.iiittI iuiutsniu i\ iustt.ik

pphied to due l.a cci eon niei cia sie lit i.i ii

hate been cut hick iii iiniinied ti loini
iier

ccii stat

metrical twill knit pl.uiit hue letters or

XXX ma lie used Lii ilesiLniie the iitW cciii heu.v cricies

iii Place of usuii the word speeinei ispec.

Collected CuLl Niinniul seedhnc jlu.nut\ dug hoot

stands on forest plniiniizs onist he so desiunated

3.1.2 TYPES 01 CONF1ERS

3.1.2.1 Type Citijiiiig ni Inixtraii ltpr

Measnrenieiut tiesienates spread heichi hut eonsuteied

sc .1 inch nitettiuls
nil

to IS niches

Us inch uiiervais hiuni hii inches to lect

use hiiit noertals Ironi hect iii

bleasui enient slondil lie tuveiate ihoit .oicl not the

ereatest chianieter Phoits iolirl\ trinnnec and trnis

li0iitth should measure ilk in zoiv dneetuon ploit

is thueven hir exaniple IS niches the iilesi wa\ and uuie

the htaiiciwest it should le classdicd as 12 stock

Ext LOP1 Cs

.1 ii 0iet05 honi.iuitalis en divans

ci uinenus procu ni hens

Pious niugo mugi us

3.1 .2.2 ipe Seiiii-Sprtadiiig Pt

iiinieiu ittsigiouies e.i

iiul Oi 51 01 ii ii cs

I. SI not 0uic ta is ti ni uieties ii test

twit nitervis from teei ui

Nleisiti sflient stui.titu tie tics as ni

lheieht Oil lie ii least iiii hail ol ttit sjiieatl Aitost teci

iut ueue ttii iii Ii tiiii lii slii..ui tii \ii1 iOutt It
.etiiiiie ii iiuiuuiii ciiitttli ills

11.0
ihiu.n uiui

nucitiod ui liantlhuc

Spread Iciglit

0i .1 so ito as siii
eat

ii ii iii

to It to Ii

Lx 11111 cx

.luiiilti us eluinensis plitiei sulinui

ixos cuisliutl.ittu etisilitiattu rstuiti niculitu tcnsitornii

3.1.2.3 ivpe Broad Spreading Globe anti lajinglit Dwarf

Meisu eiuieiit desii.zitates lieieht

Usc nich intervals ti ti lb inches

Use Ii ouch ii itervals toni IS incItes ti feet

Use loot intervals Itcini feet 01

Spread will siutillv he edlnil ill height in well iiilW0

itoitet ial liii to istelve inches Fioni thtei ott there will lie

vaniatioti sd spiead to height dependnig on hi vai ietv

GLdului Itll

1171 ui/cl

1vt ui/ii iii liii

lii Iulul 1111

tuuii ii 11111.1

A5i lu/al SPIU Ai

Ow/air 1yPE15

lW IiI ui ill hal ci

1114111 4.4 liii

1111.4 ii III

lit

iii IS 51111.1

Ml



Ileight Spread

to IIIflhifl RZICI iii

to 12iiinun spread in

12 to in.ninspread fi in

IS iii 18innun spread 12 In

IS to 24 in liii spreztd 15 in

to It iiiiti spread in

2/i to It mm spread 21 II

3I It iiuiii spread 24 in

Many broad spreading and globe tvle\ included in this

elassiheation will ustiall have the same spread its height or

greater spreid eve iii the larger siies

Examples

Clianaecypans ohttisa Natia pisilera Tluniosa Naiia

Sqiiarrosi Naiii

itinipertis sirgiiiiiiia Chdle

Pieea ibies Nnlitoiniis

la slit nied ia Biosi iii

Ihitija oceideittahis Globe l_ittle Gem

Upright growing l\vart types niav approach the niininttini

inietisions above

Examples

C.haniaecyparis ohtiisi tracilis

Jiiitiperns sqlianiata lsliveri exeelsa Strieta

Ihnja oeeidentahis hlovei Parsons Woodwod
orientalis Gold hush

3.1.2.4 Type Cone Type Pyramidal

Measurement designates height

Use inch intervals up to IS inches

Use inch in erva Is fin iii in elms to ket

Use loot inverva Is honi feet to IC himt

Use leet intervals from IC lee
tip

The ratio 01 lie
glit spread 01 properly town iiia Icr

should not he less than to

Ileight Spread

12 to itiehi to 12 inches

to IS inch 9io IS inches

IS to 24 inch 12 to IS inches

to leei IS to 21 incItes

to feet IS to 24 incItes

to4 feet 21 to 3C incItes

to feet to feet

to Ii leet 114 feet

Examples

Allies

ed riis deod ia

liamaeevpatis pisilera and varieties except lOath types

Pieea ahiies conical types

Pinits except lWail type

se 010511 ga me ii/.eisi

lasits ctispidata eapitata

llnita oeeiteiitilis orieiitaiiS eotiieal types

lsu2a eanidensis earoliniana

3.1.2.5 Type Broad Upright 1pe
Measitienient lesii2iiates height

l.1se inch inteivals
tip

to IS ineies

Use Ii inch intervals 1mm 15 inches to h.et

Use tooi intervals troni tee in 10 feet

Use cci iiiiervals mom IC ket tip

Iliis group includes ill the hroader upright growing

evei greens which develop straight sided hirni with many

opiiuli hrntelies ot lenle

Flie ratio height to spiead of properly grown material

SlioulL 1111 be less than tt

Height Spread

1211 15 inches Sto 12 inches

15 to IN inches Qtn IS inches

15 11124 niches 1211 18 inches

to 21 lee 151121 inches

to feei 18 $11 24 inches

14 ted 21 tll 31 inees

in ted to feet

to ted 114 ted

Examples

ienliaeevlaaris Iasvsoninia Alluniii

Jninpeius ehiitiensis lKeteleeri seoptloinni

11 sns aaeeai risli

axi.is nieihia lid-s IlalliehI

IFE LPER LIMIT FOR

DF1FPMINING AVERAGE

HLIGO FOR TYPE

CONIFrRS IS MIDPOINT

RET WIEN THE OPPER

MOST VVHC1HL AND THE

TIP OF TH1 LEADER FOR

hIrES AS CEIHUS

t.EOLF1A VLIT FlOUT

WHDPLS AVEIAGE

HEIGHT MEASURED

10 THr LIPPEDMOST

SIDE GROWTH

1610

OF

fill .141

10

SPREAD

SHOULD

III 10

LESS

tItAN

to

1414



3.1.2.0 Type Columnar I1 pe

Meastirenient desienates height

Use inch intervals OIl to IS inches

Use ti inch intervals from 18 inches 11 feet

Use biot tutervals from feet to 10 feet

Use feet jot erva Is rcini feet
tip

This group includes all the upright grossing evergieeiis

which naturally clevecip straight sited 101111 it cute that

ape rs on sI igh ly fri 1111 Iii
griiti

tid to fbi ut iiitiie fiat

half the heiuht

lhe broader types will usually have ratio of height to

spread of to Mmiv lorms however wilt hut attain this

ratio and even those of broad hiahit may be trimmed to ad

lit age
in to ii rrowed ft irni oct ever iii most eases lie

ratio ot height to spread should out be less ttiaii to

leiglit Spread

12 to IS inches itli iieties

I_S to 18 inches to iicehies

1$ to 24 inches to indies

to feet to incItes

Di to feet iii ft inches

to feet to 12 incItes

to feet 12 ti IS niches

to feet IS to 18 niches

ito feet IS to 21 inches

to feet 21 to 24 incites

to 10 feet 24 tci 30 inches

Esamples

Cu pressus se pervirens

ituniperus coniniunis.sirginiotzi tcoluuiiiiar type varieties

ftiua cueeidetttzihis uirientalis columnar type varieties

3.2 BALLING AND BUItLAI1I1ING SPECIIICATIOsS
Ball sites shiould alwai be of diameter auicl dcj111 to

eneoni pass enuugh fibrous and feeding root systetii iieees

san the full reeoc en upf the plant

3.2.1 NURSERY GROWN

FIle folfosvi rig atile ieflese his lie reeom nieiich ccl iiii iii

mtiiii sii.es of balls for conifers which are being grown in the

nursery under 6tsorahte iruuscitit euiuucfitiouis aitct svliieht have

received the proper
etttttiraf treatment to devetof svelt

ia ic ied rou It s\st clii

Fhtcse specihieafioiis are for plants lug with the halt of

arth in which they are growing

Spreading SemiS preu till

and Globe tir Iwarf pe

Co iii fers

lypes

Cone uid lu-mid Up rig 1i

li pe Conifers

lvpes

Spread

NIjuiiuiiuuii

Ba If leigh

ItIiniunuun

Iianieler

Ball

1824 in

2T ft

23 ft

33/s ft

34 ft

4-5 ft

5-ti ft

ti-7 ft

76 ft

ItiIS ft

lOin I8_2t iii

12 in 23 ft

Ii in 3.4 ft

16 in 45 ft

bin 56 ft

21 in t1-7 ft

24 in 7-S ft

25 in 8-9 ft

32 in fItt ft

36 in It 12 ft

12-14 ft

14 Iti ft

46 in

1820 ft

It in

12 in

14 in

16 in

20 in

22 in

24 in

27 in

3ff in

34 in

3$ in

42 in

5ff in

44

AVE 1401

114110

ill 11141

11

5Ilii AP

Sill 11
iii NC

iSS

FiAt

10

IN Mi51 4515

1141111 II

liFIi.141 11

5ill All

1.11 III Nc

111/1 III

llllOAOhIi

Y1
05114115

HAUl

1111 III III

111 11111

ii 11111 4111

iliIl.4M1 ic

lIANNlIVl ii

ohM

0th

I1IAM1 it Il

Ml



Cob ninny Conifers
n-

T\1 inirnuni

Iianieter

leight Ball Icight

Minimum
Iiameier

Ball

1824 iii

23 It

lOin

12 iii

824 in

23 It

in

34 It 13 in 3I It II

4-SIt 14 in 4.S ft 12 in

56 it III in 56 It 14 iii

i7 It 18 in

It 20 in

89 It 22 in

910 It 24 in

10-12 It Yin
1214 It 30 in

14li It 33 iii

18 It 3o iii

182t It Itt in

Tllilid gnnviiii4 kinds as Tliiija oriciitalis Oriental Ailior

vitae inniperns cniilninnis Stt-icta Irish inniper

It is recot.niech that plants Iiavii coarse ot wide

spread ilii4 root system because ol natoral habit ol griiwtli

soil ciinditinn_ illIrcchticnt transplanting practice or that at-c

iiicivccl Tot ohsctsiitt would
iccjttit-c

si/c uil lall iii excess ol

lie recoin mended sues It is also rccogn izech hat special

hi liii of ccii in in at ct-ia ci cli as st ciek grown in pots or

ot lie con net-s lie 1111 uts rece itt lv p1 iii ccl oot from con

tainers ot sit1i smallet- balls or material which has been

freqoenils traiisplaiitecl Ot- root pt-utncd constitute cases

where the sizes recommended ma be excessive

3.2.2 COLLECTED
The minimum sizes of ball shall be edloal to that specihiccl

iii 3.2.1 for the next larger size nuirser grown stock

Ploits collcc-tccl Ii urn vilu ni native stands niiv he ci
siulerect tiorserv grown when hey have been soceessliillv re
established in the norscrv i-ins nio grown under regular
nnrscrv cohtuiril

p7iicuices for niiaioitin oh two grosvmg
seasons zincl have attained adeqoatt -not and top grosvth to

indicate loll rccovcr- Irom transplanting into the norsers

3.2.3 PLANTATION GROWN STOCK
Plants which have been systematically planted iii IŁrtilc

friable soil which is relatively free at stones and foreign

matter hot here there has been niminiuim ol altercare

mioimnn ball sizes shall he canal to that spcciticui in

3.2.1 liw the ocx larger size nuirscrv grosvn stock

3.2.4 BALL DEPTIIS
For tIle

gi catei of the cooiitrv ball depths will cat-r
lie lollosving ratios

13a Ils with cI ianuctcrs less thni 20 inches Depth tiot less

ha ii 75% iii cI iametcr

Balls with diameters of 20 inches to 30 inches inch

cptli not less than h6Y of lianietcr

Balls with diameters ol 30 inches to 48 inches iiicl

Depth not less than 60% of cI ameicr

Balls with diameters over 48 inc-lies will have the lcptli

sea Icc cI own rOIRTIt ii in tel

Under certain soil and regional conch it ions plants hate

radiI systems ol propiiitionately less depth anti greater dii

meter lliesc recloirc more shallow hun wider hall to lno
crhy euieouiilass the roots oiiscrsclv iii oIlier soils and in

ccii in
regions 111115 develop gi-ca cr cI ep tli nd less pt-cad

reqiiii-iiig an exceptionally heel hall which may he smaller

in diameter and greater in depth than die size i-cconi

mciiclecl

3.3 CONTAINER GROWN SPECIFICATIONS
All eontaiiiei- grown conihcis shall he healthy vigorons

weIli-ootccl and cstahhislcd in the ciiiitziiiici iii which ihcv

arc sold lhey shall have tops which arc oh good duality and

ate in healthy growing condition

An established conlnncr grown cooihei- shall lie conikr

transplanted into coiutaiocr nicl grown in that container

siihhicicntlv long for the new hihrouis.roots Ii have developed

so that the i-oot mass will t-ctain its shape and hold together

lie ii i-c no wed from lie coot iii

ciilitainei- shall he stihiicicothy rigid to hold the hall

shape protecting the i-not mass duiring shipping
1su-art aiich light growing varieties iiia he or sizes

smalhei- than standard for given size container

lie 6Th Ii iwi tab he gives c-uiii fe sizes ml acceptable
container sizes

3.3.1 TYPES AND

Spread Type Spreading and Type ScmiSprcuhiiig

Conifers

Ileiglil c11 or ls.irf Conifers

Container Size

gal trade designation Minimuin of S/u

inches ac-u-ass Ip and height of inches

dir
cci

nit-a lent volume

12 to 15 in gal trade dhesigoatioui Mioiniuum oh

IS iii 18 in iuichics across
toll

unidt hicight ol inches

ir eq oivahcnt volume

Rgular growing kinds Rapid growing kindst
BALI DEPTH RAiO

OIAMETE LESS THAT 70 IN

OlPiri No tiSS 1HAN 7511 01

DIAMETER 01 14 Of .viioi-

uIIAMTEii 21 10 311

2/3 dH23oE WiPH

DEPT II NOT LESS TIAN

OiAM11 FR 3i 10 48 iN

OFF iii 1111 THAN

SlIM Liii .35 iii 54 Dlii

flAil WI El 11AMFTfl

II 3ii IN iii Mood

Siitiui
ii HI illioM LALFO

to in

tl to 12 io

to IS in

Ml



.1 11 .11 .11 III .ttLt IC.I

iit NI IIIL ILL Li lii ii LU It_S 1LCI tc It

.111 ILCILZIII LII Incites

ol equivalent olniiie

Container Site

gal trade CleSigFLaIiILII Miniiiiitni LII St

niches acioss lop and height itl inches

or eq LI 1521 Ic lit Viii LI thU

gal trade lesigIlatiOli Miitiniuin of

iiiclies ZICIL55 top and height ill incites

iii eqiiivaleiil VLIILIILIC

gal. egg eaii iii SLlIUIie eaii Irule desig
iizititiii isliiiiiiiiini iii itielies aelLiss till

and height iii 11 inches

ill equ ivaletil oIiiiiie

tExeept for extrenie etlinnnar tVpes as Copressus seitiper

virens Italian cypiess which is aeeepiahle or si/es

taller tItan standard Iiw given container

3.4 BALLII Vl.t POITU
i_Li hi_u LILt

111111 ct_I 111.1111S Ii CIII Lji_t Itt II LIII 515 11.1 III

ti LII 55 II Ii ha itt eaii Ii si liii .I in ti lit it IC\ .1 I_I. ILt

111g and iii lieu ol hurlappiiig ale placed iii ellIllalliel it

relani lie ball niihntken

flail sues shall alstavs he til ilianieiei and depth ii eli

conipass einnehi bin tttis and leet_Inig uitI s\sitIhI Ileeessar\

br the lull recovery itI the plant

niiniziiulii hall si/c speetheatitni lot lt.illeub and

potted plants shall he the same as Lw balled aiti hut

l.llhiel llZlIutS See 3.2.11

Lt4I1
It Ii

it_ It

3.3.2 TYPES ANI

height

ito9 in

Yb 12 iii

12 to IS in

IS to 18 in

lb to 24 in

121015111

IS to 18 iii

IS to 24 in

to Ii

181024111

to 2/ Ii

2/i to It

tO 3Y It

to4 Ii

Ni



BROADLEAF EVERGREENS
4.1 Sl IIIC ATRNS

4.1.1 IAIIi IEl\TIONS
lit cinains oi ett ci cell ilitet ed assnnied to lit tiot tnal

or tiit 5ietitS tO artet Ollits it hero tst tiesti_nated as

Colleelet oil Nat ill eetiiitn_ piatits lift it In nit lit

statitis IF ltirt.t piantitic lUtist lie sti tiestutiated

4.1.2 U4AIIN TOLERANCE
lift LFO%\ tug oi pian material cannot tIe rtgidiv statid

at tied iieetttse Ii an tilt ci itiiiit ions iii croit ii all intl

otis ii Itattdiitic iirtitrrt.t ii iteeessnateci liv titintte Still

alit ttthei ttltittt tolls hetiti litt titiittii tii the crowd

.ioteulit tt slittititi tiiei tittt 11 tsiettti anti aiittzttitts

itt ide iii lit hove titii iii Itll Ii act tv nit it Sc it ii Itll

ttcttti/tii ls hit ttatie is tvltteii lii atetiilaiiit plaits lit

ii.il tetilli

Where in 1101110 ttiti illasitilitlIl si/c i.e tie 111cc

spec ed the Iveratt thi iii .iiaii
zlllptllsttlillt lilt miii

pttt Ii the sitti It sue .icc liatit lots oh i.lvetl itcighil

iiali itit tin as tr as ill ftc hiiltwtti

exantpics

4.1.3 TIlTS AN MEASUREMINT DESIGNATION
Meastitcnient iii iicaitt siioiiith iietitt at lie dllltiliti hue

and should etinhititie
tip

It where thi iiiatn Part 11 tile plant

ends and liii to the tip iii liii sittlilt

Iis.e geiierai types or grttlps are eiistilereci septtately as

ioihtlws

4.1 .3 Type Spreading pe

Measiitenietit designates spread height 1101 ettisiciereti

Use itteit up to IS itteites

Use Ct inch intervais iron IS incites to ieet

Use itntt intervals over ieet

tattijIts

hint it iiZit is tatud coit is ars

ttIsstl giiiltiiltltti tirpet

tittttietster tianittieri hlrijtitltaits and euiitivatst

vtisns

lits et ettitt Ieiieri

slaitittia tiers tsa Cl.tl5

4.1.3.2 ii Semi-Spreading Tpe
Meastiituiietit tiesiLiiates stireati hieiiut 1111 toiisidiereii

i.se nieh ittervais tip ieite.

Use mcii intervals tip ho 15 itleltes 11 heel

.o hiot iriters lIver ieet

smmiuitlts

Ileriei is serrtteut lisa

ttolleastcr Ii titteheti salieiitiiiti

aiihttie 0tI1ta

itS tttttaltt Cotivextt let

h.etietititoc iliaria eatesiaei

iteris iltiriliti ntia

itapililliepis nthieiiat

hitithidettti ron tAiaieai oN nsittii noeittinu Gnmnpo

Kit rn tilt \pes

bI hillliocietlii 1111 1111 1ied un iii

4.1.3-3 Type Globe or Dwarf Type

cash renlent desic tnt tes heic ht

Use inch intervals np It 15 incItes

Use ti inch intervals iint 18 incItes to Feet

Use itot intervals irtttit leet tip

Spread will usually lie etitiai to or univ slightly less tItan

the iieitiit tip to 12 ittehes 1t0nt there tn the sPreati ntav he

es that the leieiut lint iii iii ease will the ratio lie more

titan it tr heizht ititiri titan twiCe the spread ititit di

lit isittlttt nt ty lie isen as it wilt Iii he got td praet ice

Hei 1111 tii Pitt it

Average iii 1_Ill

IS 2-i in 2-3 it .3-4 it 4-SR etc

21 in it .3 it 4H it

Af .AG 500

1418



Height Minimum Spread

to inches mm spread inches

to 22 inches miii spread inches

12 to 15 inches mm spread inches

15 to 18 inches miii spread inches

18 to 24 inches mitt spread IC inches

to feet mitt spread 14 inches

Examples

Buxus mieronhvlla dwarf celtivars seiiilervireits
Stil

lrut icosa

heX cornuta Rotuiictt voniitoria Nana

Lciophvhlum buxitoliuni

4.1.3.4 Tpe Broad Upright Type

easurement designates height

Use inch intervals up to 18 inches

Use inch intervals Ironi 18 inches to led

Use loot in erva Is lroni feet up
This group includes all IF the larger growing upnghtt

broadlcaves which var considerably in ratio ot spreal to

height Well grown material will in mnst cases have height

equal to it not greater than tlte sprea However the sltcal

should not be lcss than twothttils III the lieiuht

leight l\linirnurti Spread

12 to 15 inches liii spttal inches

15 to 18 niches miii spread 10 indies

to 24 inches mi spread 12 incItes

teet ia in spread 16 inches

2/2 to feet nun spread 20 inches

to feet mitt spread 24 inches

to feet miii spread 2ö ituches

Examples

hehia grand illor

ticuba jaIREnicil ml eu It ivars

za lea osetiti

erheris tili ii

vt is us Bit rk w11l

Elaeagntts jgs
Cardenia jasntinoides

lIes cortiuta and eultivars erenata lotundifolia

Kalmia latilolia

Ligttst ru at lucid it tiu saii in

altonia aqu foliunt

tens
ja 101 iea

tod 01 end ron cit It iv is

Viburnutui rhytidophvllum tintis

4.1.3.5 Tpe Cniie Tpe
Specifications identical to Type

This type includes all uprigltt growing broadleaf ever

greens which natttrallv develop into eiinicil hInt Well

GLOBE TYPE

SIZE 6451 flr

Av164 111081

HF lOW AND

5PREAa EQUAL

51AD

141 1111

IAMI

DWARF TYPES

PIIIII0fl1I1N5 Of

AFJ1 MOtIf

hAN 114 111111

MAY VAIn

Ill WIlING IN

SPErIl OIl VAI1IE1Y

I1IAMEIEII

Ml



pale. Pt hiP It itlt.i

ll itt _t Cl et \l eat ett la tic

Lt%ail1Jlec

lies
tttiiItiittitil

oia_.I tiiit

lies iivlirli t\lel titd Neilit SIC eit

_a tiiti it jt til litPt stst lit Ii .1

liltIttIll ttllt\11 till

lrtiittis ttrtillltIIla titlitetistt lctsittittea

4.2 BAWN AM IlUltL.APIING SPEC-lrIcAilINS

hall sties slIlUll alit avs lie of dianieter and de1itit 11

tUtU Ill 185% Cllii gli
lili ri Ii 8111 ettI iii iii S%till Ii tees

san In lie lull reel is ri til lie Ia iii

4.2.1 NUHSI-lfl

tile Itilitistitte talIe
t411

Ctt11t5 lift reeiiiitutteitiit-

uititiii si/cs iii iiilis Ii li ittiietl Cvtlt_lectls sviticlt ate iteitie

lltl5t It Ill titc ltlttstPV itittler iIvilrtitie tlttttlti Cllttiitilll\

ittti svltieli tat received tite
jlrtlpet

ettit ttl ai ii eatTlittit 111

tieveillil
svell iiraiieiteti rIlilt s\stCllt

ittse sjttetieatiiitts lilt Itil 1111115 dug st-tilt tite intO ni

cart It itt which titet arc UrtlsViltZ

Spreading SemiSpreading

8111 slolie tii Dwarf

Broadleaf Evergreens

Types

Cone and Broad llp-r1.ht

Type BroitLeal

Evergreens

1YPeS

lYlinirnurn

Iiarneter

Spread Ball leiglit

Iilituiniuni

1jarneter

Ball

15-24 iTt

L_ li

2H3 It

3-3n It

24 It

4S It

10 in

Il ill

l4itt

Ill in

in

21111

18-24 ill

II

34 it

4-Sit

it It

It ii

it

5_n it

it

10 12 it

12-14 It

14-lIt It

16IS It

is ii

10 it

HI

in

11 lii

ii

22 lit

24 in

Sn
itt

34 tn

3Snt

42 in

.11 ii

SI ii

it Is rt-ctettieci that plants lttvtttg t-tltrse cit tie

sltletttlo 11111 stslClli ilcetttse 111 intitti itaittt It itit iii

stctitttttitlittt_ iltiletlitelit trtttspiltttiltulultettee_ Ill tiitt trc

ititiveci 11111 cii seasctn tittitit retitlifl SIYe cii intO iii escess til

tile rtellittitlcltcleti Sues It is also reetltzltl/eti thtt sped
ittltiiiltt2 cii ecttttn llttlelitl_ stteit as stuck ci lOll ill jtl5 or

lilhter ellltltillers illiti eccntlv thtitteti Ito ii cnn coil

ttuters or st hit sntaiiet htIis_ ci nitttptti svittti itts letIt

itCt4tlClltlV trtllsnitnteth III ititeci elItIst little ctces

sviterc tite sues teeolltlllctcled nta- be excessive

422 1111 ill

lilt lot till l_ts 1a pt Si lit eel

ti it tilt ltdsl htlee 5/t lilt tIttlt \1i4t_

tI teet Ci itll lit li .11 it ira iti

Sttitttet littr-els lilt it St lii liiis list h-il stteirssIiit Ii

alit ttil II lilt lilt lstl lIlt IIC tO st tIl dcl tell ht

It lIces to it tlrt nel tees Iiil lttlltilttlll ot tO pross lIlt

\elsIilts titcl tate tlttttttti
ttletitlttl

1.111 tO
11111

cristtit Ii

1101 ti_PItt Ittil CCIS i_It it lIP trtlist_.l Ot Oil tite litirselt

1110

4.2 PLANiAl iON Si Clx

li_lltts stltltll iltve lit-eli Svtelltti tilt pititttti iii fertile

tie 511th stIticit it cia list Itt Ii spItes iittl lirticin

111111W hnt ss litre liftre ltt lIt-elI llttllllttlvt ol lItel eaie

-I lit IlijIlillItlIlt bail sties sitil lie ccitt lii tittt specified itt

4.2 I-it tOe lies itrecr St/c ltlrsers ertisvlt stot-l

42.4 l1Ali Dli 115

Iui ii ilettei 111 iii tilt tlllltIt i_ti 1191115 still l_alTV

hit Ii iFiistt lit itt
lI.tii ss itli cliatiietcrs it-sc 1111 21 itteltes

telltit 1111 it.55

titait 7- iii tlnilltt1ei

lltli tv ti.llliettrs til llftiti ii nititts tIle

It-ptlt lilt lt55 tittll tth ill tittittt1ti_

Balls svttit dItllltt-tet-s lii 01 Idle Ii- 45 illdlles inch

ltptit lit less 111111 II ii titatitetti

l3tli svhit itllliett-rs Ilvel 45 niehes will hitse flit- cit ttit

sttit-tI titistli prtillirtitlllateiv

lilitler t-elttill 501 1111 res-nittti ellllt-iIls_ pi111t5 itave

rillI ststeiits iii
111 lfttltttilliale

it .ess tL 1111 grealer tlit

littler lest
retpltrt-

Inure slttititt itt stider bail Ill pro

periv t-ltetllnntss tilt rliitts_ Ctltlversei\ in ttiter 511115 tnti iii

eeittull 4111115 145 tit-velitli cretlel ntpIt 1111 less spread

ecitlIrtlIt
111 eseerttillllaiiv cit-tn htii t- iie ntav he snttliti

11 lltnleier 1113 Lireter ill dept it 1ilt ite silt recoIn

nielnletl

4.3 COiAlNEP sp1-clnCKnONc
ii eillittiltei- ltsii llalliei eve -rttl shitil lit

tlelitllv_ vttltrillls_ tVelirlttttei titc eshill dIed Ill tile ctiit

tthlterititv itiet 10ev tlt slit iiit-viiti itave 1115 tthieit ire

bAit tin-hi 1/110

25

1tllltt
liii- ttIlt1l 1114 It lilt hIt

i__.___t

Itt ill itili It te titAt tIt

tt/l_II lilt Ii _t -t It 5511 lIt

it III 41t ti

ltl. itt lit
II ItIll ii

It/-it t_ iii 141/i lIlt

It IL tt It
lit

Itt tilt ti_Cl It
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4.3 TYPI IIKI.Al LIRIGIIl ffl AM \IIctttit LtkI .Itjt..i IL tilt tilL Liii tiiiilI

\ti estit bits ed ctni.iitct ettl\ t.tltcitl c\eiclcctt sit.il

Ite brtttdlct evergreen ii ititsjilitttieti lint citltUtiitei tttd

gi tutu in tIlilt et.ittitliter sttt lieteittis ittitg br the tint tibrttits

itI5 Itt hiitC dcvelttletl Mt that the root IiUtsS tt iii retitill it

sltitpc itiit hOld ttticlltet tvlicit icitttttet lrttitt tlte coitIttitet

The container .11111 be ott ttcteittlv rgid Itt litild the ball

slUt protecting lie rOt it iii ass dii ii tig
Iii pp

Dwarf and light growiuig Varieties niav be or sties

smaller titan standard lot given etiiitiilier

hIm following able gives
hittiil lea evergreen sues iid

acceptable eon taiuier sizes

4.3.1 TYPES AND BROADLEAF EVERGREENS

Sprcad Type Spreading and

hype SeiiiiSpread tug

leight Ci we Dtva ri or iobet

12 Itt IS iii gil trade desigiiat ituil iiiininnt ttl

15 Itt lb iii incites across hip and heieitt tiC incites

oi equivalent volume

gal. egg eaui or sqttare can trade clesig

natitiut Miitininni of inches across top

uid
Iteigli tol 11 inches

tii et.jitivitleiit
voinnie

OsL1 iF BROAILLAF EVLRGRLL.NIS

Cturutaiiuer Site

gtt trade lcsugiiitfltil Miiiiiiitiiii til

itieltts itci tiss ittjt
aitd height ol nitdies

ot eqttit it tail sitlinne

gal. egg cati or sq tare can trade desig

nation Miitinitiuit oh inches an oss 111

iid lieitzlt of incites

or cqn va lent vtilu tic

i.xi..ept htii extreme eolnniiiar types as Irnnns lauirtieeristus

Cherry Laurel and Lignstriiun japoiiieoni Japanese

Privet which are acceptable or sites taller than stand

id or given ettitt tier

4.4 1IALI.EI ANI POTTEI
Balled and pot ted phi nts are held grown nurser pla itis

hug with ball oh earth still intact in wInch they are grow
iuig and iii lien of bnrlapping are plaeel in eonlaiiicr to

i-ctaiii the ball tiiibntken

Ball sizes shall always be tiC diameter and depth to cii

ttuii pass cii tin git
hb ittti an eetl iii 1101 syst ciii necessary

tttr tie till recovery oh the plant

Ilic iliiiiiiilOiil ball size spcci hcation for balled and

potted plants shalt be lie sante its for balled and

butrlappcd plants See 4.2_I

leigh

tt It

12 itt

It If nt

IS it lb ni

lb ttt 24 ut

12 Itt IS in

IS It lb itt

lb ttt24 lit

Itt 21 It

114 ttt 24 iii

It It

2i Itt Ii

Itt 3t It

Itt It

gill ii idc tlesignalitin Mtiuuniniit tiC

itches act oss top tittl lIeIglIi 7t hiS Ites

tir eq ivtlent ol tic

in

tti 12 iii

I2 to 15 ut

Container Si.e

gil ratte desigitat ittit lvi illillillili tiC fit/2

iutehtes act tss ttip
uitd height tat iuuelies

tti eq ivalcuit vtttnme

IS ttt 24 iii

Itt It

2/Ito ft
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ROSE GRADES
s.i

The standards specified apply onl to field grou fl two

ear Noses when sold either bare root or inliviliiaIlV

wrapped and packaged or in cartons

All grades of roses nitist have well-developed root svs

tern and have proportioliate weight attl ealtpet accord np to

grade and satiety Roses shall lie grtted 1Y site tttniilier

and length of canes and proper consideration shiottld he

given to wei lit and call per of canes depending it pott grade

and variety

lhe specifications ont lined liii- length of canes are appl

cable before
prtt

lii rig
in i-c pa rat ott for sale

Rose hnshes that di not meet these standards fur tic iii

dividtial grades are defined as CULLS

5.2 lYBU II TEA LEA HA RA II YIIR If

IERPEIUAL MOSS ANI MISCELLANEOUS fIUSIl

ROSES

rade No
or more strong canes Iwo of which arc to he 1$ inches

altf hf with ifte exception of few of tlte light growtng

Mnts which are to have three or tiiore eattes two of isItich

are to he 16 incItes and tip and titie cane to he 18 incItes and

tip branched not higher Hiatt inches above the hod ttnioti

Gntde No or Medium

or tiiore St rung canes to he 15 iticftes LIP with the

exeeptioti of few of the light growing sorts which are to

ftave strong ca tics 13 inches and up hrattched not higher

thiati inches above the hod onion

Grade No
or more strong canes 12 inches and tip with the excep

iou of tess igh groski ii sorts which are to ha or

ore ea tt es tiches tid bta cli ed no Ii igh er than

nehies above lie find it tiioti

Ma tty varieties of Hybrid Tea Roses express varying

griwt ti characteristics in tifferent parts of the eottntry_

Sonic varieties may be generally known to he less sigorotts

in sotti reg ins ha ut
in of Ii ers Fhie ct-ni ti sed hove

higftt growing sorts cannot therefore he nsed in nniver

sal .r rietd sense Fsnnifes ot artet ies eeterafl cottcidered

It he tiefit to on tie .it

restdent Hoover

Itoife the fiflaticf

lie octor

NI otave

Oilier examples thitt are titteti cttsitfered in siinit areas

as light grtiwttig varieties are

New turk er

ha Hut mt st tt tig

I-lefen Fratthel

5.3 FLORIBUNDA ROSES

Grade No
iii noire strtttg canes of ts ltieh are to be incItes atid

tIll
lirattefteil not Inglter ifiati incItes ibuvr flte hind ittttoti

Grade No JI/j or Mtdiiiiit

ut niot-e struitig caltes It lie 1.1 incItes aticf ttp hiraitelted

unit liigfter
tItan inches above the hitid union

No
or tnote sfrong canes to fit 12 incItes ttltl

tip
lttanclted

not higher than inches abuse tfte Intil union

Grade Nit

to have or noire eaites all to he 12 inches and
op

and

hranelted not higher tttati inches above the find nttinn

Grade Nut or Medium
to have uit niore canes all to lie 11 iticles and

tip
and

branched tuut inghct than inches ahose the htid nninn_

Grade

or mire stt-ong cattes hioth to lie 10 inches and ttp
and

titanetted not ltighuct- nan incItes above the kid nttiuiti_

ELORIRUNitA lOSES

sfi lit

LIGHt t.IILItJIN 5011

315

IIVRRJO TEA TEA ORANDI1IORA ETC ROSES

NIl

IIIAILCII1 .1
NOt 115i111 liAr .CuE AuLOVL EGO U1INE

5.4 POLtANTIIA DWARf %NI LIGIIT GROWING
FLOItIBIJNDA ROSES
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Grade No
to have OF niorc strong canes 24 iiiclie..tinl up

llilielieI Ittit Ititliei than incItes above the IttitI uiiuiii or

croWn

Grade No Vi or Niedjuin

to have strong canes each 18 inches and up branched

not higher than incItes above the 101 union or crown

Grade No
To have strong ca lies each 14 inches tid up branched

not higher than inches above the bud union or crown

54 CONTAINER GROWN ROSES
All container grown roses shall have been growing in lic

container in which they are marketed for mini iiu in of one

month oh active growing season and bit maximum of two

growing seasons Roses may be cut back to iiiiiiini ii iii oh

inches above the hint union at the time they are pot ted and

still coniplv with the grades iii which thes were chassitied

prior to pruning iii preparation for potting

iniin urn Container Size

gal ttrahe designation Minintumn uth

incItes across to1t
and height oh 7zi inches

or equivalent volume

No gal ttrade designation Minimnumni oh 5/I

and incItes across top and height of inches

No or eq ivalcn vohu inc

POLYNCHA HOStS tAAO AN
II AlA Vt 1111 iNit

NOT COONT AS ANt

Ci MHNU Holti

NO NC 02 No

5.5 CLIMBING ROSES

of Roses

No

N2



VINES GROUND COVERS

Fiicnvni is Ilirfll Iiti

8111 cii lIivns

lletIcia helix

III III 158 IS

liiiieeia UI
III I1i

IilehIvsI .ll8

cmi iiIs

\iiica nliniii nla jot

1i1I CII 11581S

III

III

LaI

in

III

ill

in

In

in

in. III. iii

iii

II

III

ill

11 ill

l2in

12 in

Sin

10111

lOin

11 II

in

in

ii

he icr

Itltr titus 1111 tIIlIi

IIlsnhls ItIliIlII Itiitt.i Vi1iIt attcl tiihiivir

l1i1livsalldI1i ltIlihlIaIIs

\illta ll1Olil 11181 111111 iihis.tts

u.S flJE 1WtNl olIz CIWWN\EFCI
hlililil IvIlt shall lie lesIclIalult iv 111t 01111Cr Ielli.91I alit

Cillililillel 1I1llii8ilI -.alIls liia\ fit iiia iI hiiivt live rn
iie In tIlls type Well lltVlliijlCI llII healthy

ivell llcVClYild ctos ii ate Ilie llilJcrlallI tilisltieratIohis

Held gtin hi
criwiivetthi shah oc Svhllle Cllill5 81 ICZISI

1IIIC 111110 iule stilstiuI lil lii tvtr.ihl letigil til lie
jilatit

sliiull

lie l_1 iii llkhillIiuIij ii iii iiinthi il the 0111 ilIlhicI

iii hit.hiii lit hit tl liii 5111111 ulltaui ii less 111111 iii

uisvulvutehi prodiceit ill pois hit 11021 llcdlIilnildilli

cilltailltrs oil lie gritvti iii si/c iilcquiiile liii the att 11111

trailt 11111 ill lit 1i1_lilllltxl Ii ciiuitliltitis lieliIIiiI11 the

til iiig seasiti

1.6 \INES IN ITS Ill NlA NERS
etivtts sii1iphieC II 11115 lit .1111181 ciiiit shiihl

ht ihiiihiv ivellliallilcetl p1111115 ivell estat-lislied ill the ctiui

llllltIs

Itt l1l1liwilii are suggested liliiliiunl speeihieatioiis

Mill Nuu Mill Lengh

\a iietv Siit lii of III It till tIerS LII It 10 llCfl

Ajuiga rep 1115

111 cult Ivan ill. iii. iil

-l

.l TtIL 451 litWINC SINES
lhie lasI lilt 1102 sIiit iitmnili

liilhlliiLt unlIiltr

Vii/lllllilS 0111115 lIlillitlS ill lIlt II loll Vials shall lie

ti aded 8111 desii.aiated lilliws

seal nnmheu shall have heavy well hrarithitd lps

ili ii Its 1111111 riiiilitts llIthlCs iiitl
till

lll1l VIthllIl5

tvehh thevehiiptd lout sv\ltllI

HaI IlLIlllltl i..iliei gI alIt liehtw uiiiuulci slinil

zilch lout wit hitiuut selitLis detects ruiiiticus 12 luuehies and
tip

and tuft svsleul eunlliielsuilatc oh the lop

Older Sulles slItitild lit chtcwlIzlled litliIhilijy to age hicavs

ui light grade Itllglhl
01 rillilicls.alld other tliaracieri.tues

shell as stindiud gratted ptilttd ot tuuhhed

Ixavuijtltstl is IhiItllI.II.l Stlllliltli

Iiicclzl in ca all i1 na sew arirtns

llIlIhieilulelsslls t1iiiiic1uithuhizi clh_tlliizuiiiii

lisi svitIiiitziiiuii

is Itll

i.2 TYPE MEIIIIM VINES

siiies nsnalk stzlliilIg sithi sniglt CIllit Ill i0litl

sloin Id be thesighlatcil fly age 8111 grade heas 81111 light

sear number shzihl have heavy well hianctued 101

siipir iiis well eve It iped mi s\s It

ear medium lighter 11rale than lie above ssitlitiitl

SCIilitlS clelects 101 111 as sehl hranehieul however ulllll sys

tell 111151 he ill potportiuill 11 119

Older vines slmnhd he IeSiglizItel ziccorditig to aec hieass

or light grades length of ltiliilClS ziiid hIllel chiatactclisties

so cli as standard gm It ed
11111

ed or iii Ithed

Examples

Actinidia

.4 ris oh ocl 1W

Carnpsis l3ignonia mad icans

Pzirthenocissts tiicuspidata seiicln

\itis

u.3 TYPE CLUMP TYPE

Clnmp vpc shizill he designated age and heavy or light

ma IC Dotn 1111 plants to or may 1111 ha se Ii SC Ill nn cis In

015 tott zt well cI eve oped root sVsI cm nd ealth well

tlescloped CIoWI arc the nipoitanI considerations

lxzhIIlhIeS

letnat IS

Pneraiia IlK nd.u

i.4 TYPE CO\ERS
uvarl sines and groond tsers .ire to lie designated or

lcselilied age sue ol clomp leIlgIhl ol sines or tniinets

11111 ir otliei claraeteristics indieaiise of the species or CIII

us ats listed

xa In ph cx

i\ietts.ziplt ls ns a-ntxi

Cornils ca nadeosis

Jtt Ii 601 Sill

lilt Sic II

10 to 12 SIn 10 in

Collected uI Ilants collected row the wild most lie

511 tlcsigiiated
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FRUIT TREE GRADES

7.1 D1CIItOUS

7.1.1 GENERAL
All trees slt..kl have reasttiiahl straight bodies lieLtiti

tog to habit i.riit It

All grades lI.esixtecittlis aitd Ito cci sltititlil he llrttteliect

except one yea Sweet lici fl and oell itioted tic iinie

sixieetths aitd elevenststetiitlis sliittjltl ha tie ill OttO

side branches Caliper should be taken twit iiielies above the

collar or bud 1Iciglit shall he takeit front the collar it

grafted or Fronl lit union of the hod antI stitch if htidiletl

The caliper shall govci ii height hetitu iittcntlecl to repre

sent average height ol most vai idles Slow gi iiwiitg kinds

nitty fall short of height speetlietl Age shittitlit he giteti as

one seat wit veats etc

.ahiflei tin iiieliLsl tilinitiitiiii
feiglits

AlPl.1Siatiidaril Il1RItSsiti PEAll IEAI
Standard P1.UM and waist

lb
tt

nd nt 11 ft and ii

Itt to lI.Ib It am
III

7/f it ti iii mid
tip

5/lb to 7/lb It aitd
till

PEAItIwarf QUINCE
9/lb atid

till
It and uI

7/It to lb It attd up

lb to 7/lb ft and
tilt

APPLEDwarf
9/lb attd tip ft and till

Itt toY/It It and ll

5/ ito 7/I It attil
till

APRICOT
II lb arid nil Ii aint

tip

lb ti II 11 It attit till

lb to Yl Li It and
till

It to 7/Itt It attd
011

11 EItIflSiiiir

lb iii ni seats It and up

Itt tit lb ve 11 It tinil
till

lb toIh 2cats It and np
lb ti Li sears It aitd

itll

Itt and tip tear It and
till

lb to II lb veat It aitd up
ltitotIb Ivear It.attcl till

itt to 7.Itt em It am
njt

.i .2 0s \L.Ait SiANIAIIi
Ii .itelltei ltr.ttitt ni itt lit ce est ii.ist st.ttes

\.iO ttitetii tJregtn atid altltrtiia ti
gi

.iile tne se.tt dit

siattitatd Irnit tree stitch taltplts p.ns elicit its 1iliints

ptilcIie5 neetarines apricot aiid tlunieet in intervals oI

titelt as Itilliti

ii nielt and
tilt

niehi itil it It

sr itteft tit S.$ melt

vi .3 melt tit ff2 titelt

1/4 twIt ii .1 iiteii

7.1.3 SEEILINGS

7.1 .3.1 CiIiptr h\leastjreiiieii

tltiter sli.ill lit ttken tlte ciilIn ii tritttnif Inte iitil

graili shall ci trresl
titnil lit it itt ttttvnig taI icr

.1 ni .1 ii ii lii ni

nt ni lit .1 ti

Ni .1 lit itt lit ii

NO in tit .1 Itt in

Nit It Itt itt tit Itt itt

Nit Itt ni tit It.2/Iti ii

hxeelllnln Nit Straight oh Apple Seeditngs

shall lie
gi

titled front 3/It lit S/I caliper

7.1.3.2 Special Specifications

lit Ilie ease ol seedlings with limbs Ihiere shall he at least

twit incites above Ilte collar lice it liiiths liii ititeliall the

cii enntleieitee ol lie seedliis

In ease 11 Apple mid Iteti Seeclhings where Ilte iiiiit

deseiiption is giveit as hrtuielieil or siraiglth Ilic liillownig

sltiII atphv
Ilrtiicfied ltiint Not less tItan tltiee iiittt flritiehies

poitit it Itraiteintig slttill itt intl ntoie littit foitr niches Iiont

Ite ci tI

Straight Raid ie riiitt shall the eihipei itt lie

gi tote tot not less thait six incites Ii inn the ciill

lit the ease it tilting gi
mitt stock the caliper shall he

ttkeit on tlte ot igiita le.itting at the collar

7.2 CITRUS

.ttrtts stocks tire to he graded aeeiirthiitg lit IS iiteht seiies

ts titllttws 3t to i2 inch 1/2 inch to S/S melt 5b iiieIt lii

34 ittelt 34 ttielt tit itteft melt to 1% inches

Age nt sears is to be giveit itn1 is one or twit sears Cab

per is to he taken tthi tihot the hud iiiiiitit Mittiotititi

t/L lit he 3S iitehl except that ttiit ri ic niiiiittuii or hinte

tiecs Ite stiLt ttt Shb tI tneh c.ihi1iei
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SMALL FRUITS
AU small fruit

PlZttltS
nutst be cll rooted No injured

dwarfed or odd shape plants shall be included in am grade

8.1 RASPRERRILS

8.1.1 SUCKER AND ROOT CUTTING PLANTS

GRADE NO
Sticker and root cutting plants also tip plants should be

graded 3/16 inch and tip
in caliper at collar sticker

lilatits

should have Ill incItes or more ol live top tip plants

itches or iii ore live tops and well rooted

GRADE NO
Sucker and root cutting plants also tip plants 1/8 inch

and up in caliper at collar sticker and itttlt cttttintz plants to

have incItes or more of live 101 tip plants incItes nt

ntore ot live tops and all propnrtintiatelv well iootecl

8.1.2 TRANSPLANTICI RASPBERRIES

NO
All iransplanteul raspberries should caliper l/4 inch and

up at collar and have IS incItes or more of live top and he

well routed

GRADE NO
Nttniher two intist caliper 3/16 inch and tip with 12 inches

01 niure ol live top and he well rooted

8.2 DEWBERRIES BLACKBERRIES BOYSENBER
R1ES YOUNGBERItIES

8.2.1 ROOT CUTTINGS

GRADE NO
Root cuttings should caliper 1/8 inch and sticker plants

should caliper 3/I inch and up at collar and Itave 12 inches

or more of live top iul be well root eel

GRADE NO
Root cuttings should caliper 3/32 inch tnd up and sticker

plants should caliper 1/8 inch and up at collar audI have

inches or more of live top and he proportionately siel

root ccl

8.2.2 TRANSPLANTED BLACKBERRIES

GRADE NO
SItoulcI caliper 1/4 inch and up at collar and have 12

in eli es ot- iii ore uI ive iop nd be well root eel

8.3 CURRANTS

GR.DE YR NO
Shall measure 12 inches and tip itt height with two or

ni ore bra ii cItes tid he well root ccl

GRADE YR NO
SItall mcasttre inches and

LII
in height if single cane

plants to he 12 incItes high and be scell rooted

GRADE YR NO
Same speeilieations as Yr No

8.4 I3LLEIIERRIES

All measurements to indicate overall heislit nI p1 from

crown to tip of plants All well rooted and well branched in

proporti on to Iteigh

rear Rooted Cttnitigs 16 itt

2veat No 9-12 ut

rear No b.9 III

yeai No 12-18 in

year No l824 in

8.5 GOOSEIIERI1IES

GRADE YR NC
Shall measure 12 inches and up in height with three or

more canes oi ec1ttivaleitt
side hranelies and be well rooted

GRADE YR NO
Shall measure iuches and up in height with two or more

branches or eqtiivaleitt side branches anc he well rooted

YR NO
Sante speeihcations as Yr No

8.6 GRAPE VINES

Grading of Grape Vines is based mainly on root system

GRADE YR NO
llte lightest growing varieties shiotild Itave 12 incItes or

tonre ol live 111 5t longer gtowi iig
varieties shoti Id he pro

port iouatelv larger tid all well rooted

GRADE YR NO
Lightest growers should have It inches or more of live top

.1 rouge gri iwers sun tt let be roport iona te Is larger tid II lie

well rooted

GRADE YR NO
St ole speei ltezt ions as t. No

8.7 STRAWBERRY PLANTS

MINIMUM GRADE
lhere shall be at least ten ID main roots not less than

three incItes long and minimttm crown diameter of

5/16 itt meastt reel tt the base

S1KAWtHNHIt$

WINIMUM HtUtIIHt MLNT

MAlt 11101

t.til tts It tINt III IIIJO

1126



S.h ASIARAGS IWWNS
iR ro
Shall not Weivh less than sUds WO

potiiicls per tliousziid

RI iv 50% per cent of the root system shall exceed live

in inches in lung

YR NO
Shall not weeh less thaii one hundred twenty 12J

po ods housancl plants RI tv 50% pc cent lie root

system shall exceed seven in incites it length

lC NO
Shall not weigh less than sixty bUt pounds per thousand

I-div per cent ol the root system shall exceed live

iii tielics ni lenet

AM YR NO Super Sue ing Age
Shall not weigh less thai tsso hundred 2X pounds pci

thousand Filt- 5J per ccitt ol tIle loot system shall cx
ceed ten 10 in inches length

LINING OUT STOCK

9.1 GENERAL

Lining out stock shall inelnde all plant material coming

from propagat int honses beds or frames no young mate
rial of suitable size to plant out in nursery

9.2 DESIGNATION

Age Should be given by nnmber of years since prop

agated or in the case of seedlings since growth started

Transplanted lhe number of times tra nsplanted to be

represented by using for eac Ii ran sp1 anti ng lie letter

Seedling Sock to be represen ted by lie letter

Cuttings To be represented by the letter

Grafted Stock to he represented by lie letter

Size Should be given in accord atice with lie intervals

recommender for each plant class

EXAMPLE Nosier 5m lice b-S ii. yr FT means

Koster Spruce graft to inches Ii igl ea rs old and ivice

transplanted

Pot Grown or Container Grown Liii
itg out stock sill

plied in pots or similar containers shalt he thrifty well

branched plants well established in the containers

9.3 SIZE DESIGNATION
In grading use inch intervals up to 12 ii inch inter

vals up to 24 in inch intervals for larger sii.es

9.4 RECOMMENDATIONSEVERGREEN LINING
OU1 5flQ

I3vei greeis.sltoitlil he transplanted tieqneitllv eiiongli to

create good root system which will in.iirc minimum of

transplanting loss and to give the
loll roont ciiought to start

the branch framework properly making wellshaped

speeineit when placed in the nursery ro-

In order to ptodtiee fibrous root system we recommend

that iii species such as Ris Pines and similar sorts which

normally make less coarse roots that they transpluted

every two or three years and that specie5 such as Arborvitae

anil Clamaecvparis be traispanied every tIn cc to tour

sears as they uaturillv make bet let- roots

Broad leaved evergreen species such -is Pvracaitha

lalandi which nornall make lesi coarse oots should lie

transplanted every year while those ochiictng good

svstcni of librous roots may he lrausplante second

year only

Iriniutitig is zilss tecessarv to instue pi oper loutulati.u

for good sltape iii the litishicd plant alt ttottght lrcqtteni

transplanting will usually avoid the necessity ol seseme trim

in tug
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10 SEEDLING TREES AND SHRUBS

.re\i ijaine reloje t-rtlsiiii etintiti slielterlielt in larti

itiitIltit lantlIis Liiilt_i liittilal eiiiiilitiiiiis sloill toiiit

iiiidei die Itillotviiig elzissilieaiiiiiis Actual eoiuduiuiiiis of suit

clii ian. and eiiviTuunnieiit tcill iiecessarils ijuncri the

iiuiiiiliuuili siie for 1iiituctiljr 5iCtitS dial is rt-uuuured

huleraner iii ticit nuui-e that itt
ii

titter vrale shutitu Id to

ZiCCCJ1C1 sti long as it is not iiitenlioiial and the oiies iiiiclei

wade are close to the grathe required

10.2 DECIIUOUS OR IIARIWOO1S
\Vlien ealipeu- is important nicastiretilelits are laktii at

out collar or itiiiid liiit

Caliper

iii iticlies

iii iiitt
iii

.1 Iti liii

8-3 Ii ii

In in

hops or roots will not he tronnicul iniless speilietl hi

rower or teq Li Cs ed liv tire Ii ase

Shen height is important nieasui reinents ale takeiu Front

ion collar or grtniiid line

leigh

in inches

lYlin caliper

in inches

NI in root

length

2436 in 1/ in 12 in

1824 in 3./I in tin

12 18 in 1/8 in It in

612 in 1/lOin Sin

iieets1ei eoiiinier iii iiiirseries tiIriusIooe or

ct.isuie ..i.ieh liii ito retail itatte and still eoniIllv with dc

iii ii lii
ealIllel

ed stock

Ii sliio lii lie nntterstiiott thui lien hieiuli1s are to tiovern

ia talipc sIletilieat oil is nut 01111 and WON caliper is to

tn ci ti titt- hieui lit sped lica liii is iii 111110 fll

10.3 CONIFERSI VEItGREE\s

II eig lit iii utel ucs NI in caliper in itches

IS 10 It in

12 iii 1/Rio

ti_ti in It iii

\te is ii iluiloniiiit tvlieiu hueutIit 111 eiiliier is slieeitieil

tiliittVti it iiiav lie used iii list iiii.s iii tleniaiitlett l.y liii

eli st

F- It lot use ill
iiiihieitiiig seeiliiiig 1-toil puuiiiecl iii irans

lit its

tuir seed hug

ltl or root iruuuiett shutnilcl not lie 1111 prnned deeper

thiaii Ii inches st-lien applvnig to eoiiiters

one hit each iinie trnusplaiited

General All plaits i-c to Ii ave well es-cl ipetl root svs

tenis to he free of insects and diseases as well as nueclianieal

injni-ies and in all respects lie snnahile For held planlnig All

eoinlers must hiatt dornuant iocls exeeut in die sontlil and

secondary uieed les

At lie opt ion tit lie pu rehiiser of lieu- special i-es i-let ions

nuay he specified

NI in height

iii inches

12 li

lt

ni

in

Nun root

Ic gIlt

tii

It ii

in

in
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11 BULBS CORMS AND TUBERS
11.1 GLNLRAL

l4tiltts atitI t.rttis an edict tIlt silt tittilet gi .ttIt iztttie

stieti as lot enig did tipsi/c t.n gi %te Ii the ease UI Nat

essus and Iahothtts ik destgttattittis ii thimble toist it

md icate spltt bitlIl tilt
Ilt

tihaitls twit lititi ci butts iii

tint tids ic

With sonic griups tin exzuiilllc Ilvacuttlis lie erttk

names itittcitte usage sttett as exilitttttOtt and litreitie st/Cs

and sizes more suitable br outdoor hecltlttig purposes

Sonic grade measurenictits have norniallr been given it

ccii ti met cr5 ob ci rcu ml crencc nec lit is nicas 01 in ciii at

lows closer grad nig This svstcnl is iii vogue and is generally

accepted iii the trade br bite snialber sited bulbs such as

Crocus and Grape Hiacintli while bor larger att patti

etilarby lot bite Flat ispe eortiis itteites iii diameter is the

generally accepted nieastit etttettt br exaniple flail tilt

Utitierittis Uegttttia tttd alatlittutis

For sttilt items as icitittes attil illeeclitig ie aunt

Cannas blue itnnhter itt eves or butts out the tiltet is de

signa Rat

the bollttivutig gtailes eitttbtttutt in scubstautee to getterallv

accepted trade usage littili
gt

ache utantes atid sizes ni itches

or centimeters should be gtven site iii inches or eetttinieters

list he hestgti.i ted

Oilers obbulbs eornts and tubers texeept Peottv divisions

which eattitot ucasitutalily be expected to blctoin in lie season

alter planting should not he made itt the public lb they are

then they should he clearly indicated as tiotihlootnittg

sizes For naturalizatuoti or othtet plaitittigs br which uton

blooming sii.es 01
iglit

be acceptable

1L2 TULIPS

Designated by centimeters tit ittettes ot eireuntFetenee

Top sizet cm and up 43/4
till

tt etrettittlerenee

Laree 11-12 cm 4-3/S--i-1/4 eirentttleretiee

Mediani tlO1 cmi 3/8 cireitnilerettee

Small 19- tO em -StS4 eiretttnktenee

Note Sonic botanical and species Inlips are sitialter thiati

abovcdesigttatect sizes Bulbs ot botanical species

tulips should he so ident hal and sizes given

11.3 IIYACINT1IS

Designated h\ cent itie or incItes tiF etreittulerettee

htp Exhibition Foret ng Size

It cm and up 75/8 tip
itt eireuuttterettee

Large Exhibition Forcing Size

8-I cm 7-1 /47-S/S cureuutttcrettee

Nlediitni Iisltibtion 1orettig Sue

17IS ent 63/47l/4 eirenmFetetiee

Fop Bedding or Garden Size

1617 cm i3i863/4 cireutmlereutee

La ge l3edd tig or Garil en Size

15-1 eta 63/5 etretittiheretiec

Mednitli Bechclitig Miniature

or Garden Size 1415 em 5t/2b citeontlerenee

11.4 GRAPE JIYACINT1IS

Designoecl centimeters or inches iii eftc tim leretice

Ii Stie U-I tilt antI
tip

ni tietitittetetiec

.1 ct t.c

NIccItoiti Ste ciii cii tititict eoc

11.5 CROCUS

Destgttated liv eetttintetets ot inches iii eutettuittetetite

ii
Site ciii auth nIt tilt

ni etrtittitttetiee

l..trgc tb.t cnt.I 53 55 it ettntleu ctice

SicOitttii t75 euti.l 23i431/S curetuititerettee

Small ttt eni 2-3tl etteunticuenee

11.6 NARCISSUS AM 1AITOIILS
1estgitated eettiiittetets or utichies iii euuetuntbetettee

Itittuttl titeatus sitighe 1usdt

itutllts ititiebi ate batik euuc-tttau

itt etiussseettitit atitl wtttett

sittiw evidence tub
triuthitcttig

tune blower Stalts arc unit pet

mit tech iii tins grade

tuiutthe Nose inca us tO hits

ta show evidence ot jlttith tie

utg twit or mitre blowers itc

to tiottlihe cltaraeteu cut huttltl

citcit iii beuettce itteasit tetiteut

are variable

lhcre are eertaitt varteties that ititi maily have suntlher

bulbs tliatt others Until size grictes are established uttttte

grade desigttatittuts as unheated ittd accepted by blue trade

as buhtls are pttrehiased shiuttid he used

11.7 NARCISSUS PAPER WhITE

huiper \\hiile t\ pe oF hittlb thtui ttortitally is sutialler

lttthlt thati tibet varteties ittd eottseqtiettthy is htsictt separ

iiebv

Dcstioeil by eetnttltcters or inches oF cirettinbercitee

Toji Size ii ent till
i3/S ttfl itt citecttnletettce

Lat ge ISItt cut 63/5 eircntnhereutee

Mcdtt.m tl4-lS etiL S_l/2tu ettttttitbereitcc

Sttuihh 1214 eta 43 45l/2 eireuttthctencc

Nit

graiL No uticher 3.S diattieter

ta rite

11.1 ANIAIflL1.IS

Icstgttttech by inches itt dianietet

loll Site Itoti itch

rge Suit Ritiu itch

sled tttnt Site Rittu al

till
Site ouuhhe Nose

Large Site Diutultle Nose

Mcdiii itt Size Don luhc Nose

11.8

Destgttated liv itlelies itt dianteter aecotchiutg to Fair trade

Itractice Rules adopted by Glaclittius Growets as Ictlhciws

Jttittbo Over itt dluintetet

No ... 1/22 diitneter
Littee

Nti 114 ILL ittatitetet

Nit 11/4 diauiteter

NiecItit tltl

Ntt 14 chtautteier

INLS..... /23/4 it tittteter
Sitt.tH

ii 1h /_ tatneter
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Faiicv iI
tip

in dtinietei

op Size .1.1 43- 1/2 diameter

Large 3-1 diameter

Medium .3 43 diameter

Small .2I 4234 diameter

tid er it of ceep tab Ic

11.11 LILIES

Regal and Easter

1esignated by inches of circumference

Ia ut 30 up circn in fŁrencc

Pa 910 circu inference

Extra Large -9 circumference

Large
7-8 circumference

Standard 67 circumference

NI ed LI Iii ci i-cti in crc nec

1.11 CALADIUM
Pa ney lea ted

esigitatcd by inches iii diameter

Giant 11/2
tip

in dianietcr

1.arge 2-i /23- 1/2 diameter

Standard 21/2 diameter

tsleciiii iii Ii /2-2 ttianieter

Small 11/2 diameter

11.12 TUBEROUS BEGONIAS AN GLOXINIAS

Designated incites in diameter

Giant Size 21/2 and tip ii dianetet

Extra 1..argc 2-1/2 diameter

Large I-I /22 diameter

Medium 1/4l 1/2 diameter

Small 11/4 diameter

13.13 TUBEROSES CALLAS AND OTHER MISCEL
LANEOUS BULBS

Designated iii centimeters or itches in diameter or cir

en in ferenee as genera liv accepted trade practice may lie

ate

11.13.1 TUBEROSES

lop Size cirenmtcrence

First Size eirenmterenee

31.13.2 LLAS

Top Size 2-32 and up in diameter

Large 2-U diameter

tsled iiint II 22 di.iineter

Small 11 /4l l2diameter

11.13.3 RANUNCULUS

Giant Size zinC
tip

in diameter

Extra Large 78I diameter

Large 1/47/8 diameter

Med inni 5/83/4 diameter

Sniall /25/ diameter

t_l3.4 EIIIESIA

kxiit Ut ie 7/8 and up in diameter

.arge 1/4 7/8 iiailtcttr

Med iiini S/83/4 diameter

.Snia It 1/2 5/8 dianieter

11.13.5 ANEMONES

Extra Large 7/8 and up itt diameter

Uige 1/47/t-i diantetcr

Mecliiini S/S3/4 clianieter

Small /25/8 diameter

11.14 PEONIES AN BLEEIING hEART
Nitnitter tit eyes or buds per division to be indicated

Select 5-7 eve divisions

Stattdard eye tlivisioiis

Snia II 23 eye divisions

11.15 CANNAS
Nnmtier of eves or buds

pet-
root to be indicated for

exanipte 21 eve roots Ant root with less than eves
lilt Iii he otlered flit public stutahie for growing tin in

ilorscrv 01 liii potting in Ileilitilig purposes

3.16 iAIILJAS

line to nattirt iii divisions frcini different varieties no size

design can be listed Each division must have por
tion til live crown and at least eye or btid

12 CHRISTMAS TREE STANDARDS

Ilte sizintlanl lterewitli sluill conform to the standzncts

pionttilgated by the Ltnited States Department ot Agrictil

tire effect ite in ii IS 9ti2 and as licrea ter mae he re

vised 9icse standards are based on the factors iii density

per izi nec foliage ml deformities tid i-c ci assi Ii ed as

t15 Pretniiiiii tJ.S_ No or U.S lioic U.S No or

UJt Stainlird and Culls Copies iii these standards are

ivailaloc Ironi the otistiriter antI Marketing Service U.S

Iiep ol Agrienlture Wzislititgtoll 1_C 20250
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SECTION 02480

LANDSCAPING TURF ESTABLISHMENT

PART GENERAL

1.01 DESCRIPTION

Work specified in this section includes

Topsoiling

Fertilizing

Seeding

Sodding

Mulching
Erosion Mat

1.02 REFERENCE STANDARDS

Association of Official Seed Analysis AOSA
Rules for testing seed

American Association of State Highway and Transportation Officials

AASHTO
AASHTO M140 Emulsified Asphalt

1.03 SUBMI

Fertilizer

Furnish certification from supplier attesting to
Brand name chemical analysis and guarantee of analysis

Seed

Furnish certification of conformance with AOSA Rules for Testing
Seed and attest to

Mix age weed content purity and germination

Sod

Furnish certification that sod complies with all State and Federal

regulations with respect to inspection for plant diseases and insect

infestation

Furnish certification of origin and date of cut

Mulch Material

Furnish sample of mulch material when requested by Owners

representative

Erosion Mat

Furnish sample of erosion mat material along with certification of

its physical properties
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PART PRODUCTS

2.01 TOPSOIL

Shall meet the requirements of Soil Class F-l Salvaged Topsoil or Soil

Class F-2 Borrow Topsoil in accordance to Section Soils and

Aggregates

2.02 FERTILIZER AND ACRICULTURAL LIMESTONE

Fertilizer shall meet the recommendations of the soil analysis report

required by Section Soils and Aggregates

Agricultural Limestone

Shall conform to Soil Class J-1 as defined in Section Soils and

Aggregates

2.03 SEED

Conform with the requirements of the governing authority for seeding and

for restrictions on noxious weed seed

Seed mixture shall be composed of seeds of the purity germination and

proportion by weight as follows

TABLE OF SEED MIXTURES

Seeds Mixtures

Mm

Species Purity

Min.%
Cermination

%in
No

%in %in
No No

%in
No

%in
No

%in
No

Kentucky 31

Fescue 97 85 65

Kentucky

Bluegrass

Creeping
Red-Fescue

85

97

80

80

45

35

20

55

15

15

60

30

Perennial

Rye-Crass
White Clover

95 90 10 10

Empire
Birdsfoot

95 90 15

Trefoil 95 80 15 50

Crownvetch 95 70 50

Reed Canary
Crass 92 65 65

Red Top

Timothy

75

92

78

84

-- -- -- -- -- 20

15
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Temporary Nurse Crop
When required the Contractor shall furnish one of the following seed

mixtures

$pcies Mi Purity Mi Cerm Lbs per Acre

Oats 98 90 80

Rye 98 85 100

2.04 SOD

The sod shall consist of dense well rooted growth of permanent and

desirable grasses indigenous to the general locality where it is to be

used

Sod shall meet the following general requirements
Free from weeds and undesirable grasses
Crass length of inches
Cut in uniform strips 18 72
Uniform thickness of 1-1/2 inch or more

Adequately watered to prevent crumbling breaking or tearing during

handling and placement

2.05 MULCH

Mulch shall consist of straw hay marsh hay or wood chips which are free

of noxious weeds and other objectionable foreign matter

If wood chips are used the mulch area shall be treated with one

pound of available nitrogen per 1000 square feet

Mulch binder shall conform to one of the following
Emulsified asphalt shall meet the requirements for Type 55-I AASHTO

M140
Terra Tack or equal

2.06 EROSION MATS

Jute fabric shall meet the following general requirements

Uniform open weave of single jute yarn
Twisted construction having an average twist of not less than one and

one-half turns per inch
Furnished in rolled strips 48 inches wide with minimum of 78 wrapped

ends

Fabric shall have minimum of 41 weft yarns per linear yard of

length

Weight of fabric shall be minimum of 92 lbs per 100 square yards
Non-toxic to vegetation
Smolder resistant

Wood fiber blanket shall meet the following general requirements
Uniform web of interlocking wood excelsior fibers

Uniform thickness

Weight 78 pounds per 80 square yards
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Have net backing on one side as follows

Mesh size not exceeding 1-1/2 inches by inches

Woven of twisted paper cotton cord or biodegradable plastic
Non-toxic to vegetation

Permanent Geomats
Consist of tough flexible matting made of high density

polyethylene or similar material

Ultra-violet resistant

Have minimum thickness of .4 inch 1.0 cm
Non-toxic to vegetation
Contain no petroleum solvents or other agents toxic to plant or animal

life

Staples

Staples for anchoring erosion mat shall meet the following minimum

requirements

U-shaped
No 11 gage or larger diameter steel wire
Width of one to two inches

Length
Not less than six inches for firm soil
Not less than twelve 12 inches for soft or loose soils
Not less than eight inches where erosion mat is placed
over sod

PART EXECUTION

3.01 TOPSOILING

Topsoil in areas to be seeded or sodded
Minimum of inches when in compacted or settled condition

All areas where lawn type turf is established shall be compacted by

rolling All other areas may be allowed to settle

3.02 FERTILIZING AND LIMING

Fertilize and lime all areas to be seeded or sodded

Application rate shall conform to soil analysis report

Incorporation shall be performed by light discing or harrowing during

seeding operation

3.03 SEEDING

Selection of seed mixtures rate of seeding and intended use of the

mixtures will be as follows
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Rate of Seeding
Seed Mixture Lbs per 1000 sq ft Intended Use

No 1-1/2 Average loam or heavy

clay soils

All ditches inslopes

grass areas

No Light sandy or gravelly

soils

All ditches inslopes

No In rural areas on cut and

fill slopes exceeding
to feet

No In urban area or other

areas where lawn type

turf is desired

No 1/2 Critical area

stabilization

May be used in

conjunction with mixture

NO and No on steep

slopes

No 1-1/2 Poorly drained soils

Critical area

stabilization usually
not mowed

Seeding period shall be as recommended by the seed supplier

Seed Bed Preparation

Crade trim shape and smooth topsoil to required grade and section

Remove all cobbles or larger clay lumps and other debris

Disc harrow drag or handwork topsoil to minimum depth of inches

Seeding
Utilize machine or combination of machinery which will produce the

followimg

Apply seed uniformly at the rate specified
Cover seed with approximately 1/4 inch of topsoil
Roll lightly

Apply seed at right angles to surface drainage
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3.04 SODDING

Preparation of areas to be sodderL

Topsoil and fertilize areas to be sodded

Prepare sod bed as in 3.01

Placing Sod

Moisten topsoil to loosened depth of inches
Place sod within 24 hours after initially cut
Laying sod strips

Ly sod so abutting end joints are not continuous

Sod strips shall abut snugly against each other
Sod shall be level with adjoining turf or grade
Water and roll or lightly tamp sod immediately after placement
At the limits of the sodded area end strips shall be staggered
At the end of all sod strips turn sod into soil cover with

topsoil and compact
Laying sod on slopes and in waterways

In waterways place sod with longer dimension perpendicular to

water flow
On slopes place sod with longer dimension parallel to the

contours of the ground

Staking Sod

Stake sod in all waterways and on all slopes steeper than one foot

vertical to four feet horizontal
Stakes shall be wood lath minimum of 12 inches long
Place stakes on top edge of sod strip and drive plumb thru sod to

point approximately flush with sod

Space stakes 18 inches to 36 inches apart depending on the nature of

the soil and steepness of the slope

3.05 MULCHING

Complete mulching as follows
Within 48 hours after seeding has been completed
Place all mulch uniformly to loose depth of to 1-1/2 inches to

tons per acre
Mulching operation shall begin at the top of slopes and proceed
downward

Mulching shall be secured using one of the following methods
Method

Secure mulch with heavy twin or netting
Twine to be fastened with pegs or staples to form grid of

six to ten foot spacing
Method

Apply emulsified asphalt at the rate of 200 to 300 gallons per

acre

Machinery used for placing mulch and emulsified asphalt shall

produce spotty tack sufficient to hold together and retain in

place the deposited mulch material
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Method

Anchor mulch in soil by means of mulch tiller

Mulch shall be impressed in the topsoil to depth of 1-1/2 to 2-

1/2 inches in one pass of the tiller

3.06 EROSION MAT

Erosion Mat Installation

Install erosion mat at locations designated on the plans within 48

hours after completion of seeding
Use only jute fabric over sodded areas
All stones soil clods roots sticks and other foreign material

shall be removed prior to placing the mat

Installation of Jute Fabric Wood Fiber Blanket Excelsior
Matting strips to be laid in the direction of surface water flow

Adjacent strips shall overlap at least inches
Mat strip ends shall overlap at least 10 inches
Wood fiber blanket shall be installed with netting on top
Bury the upgrade end of each strip of fabric at least eight inches in

vertical slot cut in the soil and firmly tamping soil against fabric

as follows
For ditch grades of 4% or less construct vertical slots every 50

feet

For ditch grades of 4% or more construct vertical slots every 25

teet

Form terminal fold at the bottom end of the erosion mat by folding
under approximately inches of mat and stapling it to the ground
Install staples as follows

Vertically until tops are flush with the soil

Space staples at three foot centers along overlap at mat edges

and alternate at three foot centers through mat centers

Space staples at ten 10 inch centers at mat ends and junction
slots

Installation of Permanent Ceomats
Ceomats shall be installed in accordance with the procedure
recommended by the manufacturer and be suitable for the intended use

3.07 APPLICATION

Apply landscaping and turf establishment procedures as follows
Areas with less than to slope

Topsoil
Seed
Fertilize
Mulch and mulch binder

Lawns with to or greater slopes Sod
Rural and unmowed areas with to slopes to to

Topsoil
Seed

Fertilize

Stabilize with wood fiber erosion mat
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Rural and unmowed areas with to slopes or greater

Topsoil
Seed
Fertilize

Stabilize with permanent geomat

3.08 MAINTENANCE

Maintain all seeded and sodded areas until all the following conditions

are met
Seeding Establish good stand of grass uniform in density and

color satisfactory to Owner

Sodding Establish root system into sod bed
Capable nf resisting erosion

Watering of turf shall be included in maintenance

END OF SECTION
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SECTION 2490

LANDSCAPING TREES PLANTS AND GROUND COVER

PART GENERAL

1.01 Description

Work included Provide trees plants and ground cover as indicated on

the Drawings as specified herein and as needed for complete and

proper installation

1.02 Quality Assurance

Use adequate numbers of skilled workmen who are throughly trained and

experienced in the necessary crafts and who are completely familiar with

the specified requirements and the methods needed for proper performance
of the work of this Section

Standards
Plants and planting material Meet or exceed the specifications of

Federal State and county laws requiring inspection for plant
disease and insect control

Quality and size Comply with current edition of Horticultural

Standards for number one nursery stock as adopted by American

Association of Nurserymen
All Plants

True to name with one of each bundle or lot tagged with the

name and size of the plants in accordance with standards of

practice of American Association of Nurserymen
In all cases botanical names take precedence over common names

1.03 Submittals

Product data Within 60 calendar days after the Contractor has received

the Owners Notice to Proceed submit
Materials list of items proposed to be provided under this Section
Complete data on source size and quality
Sufficient data to demonstrate compliance with the specified

requirements

Upon completion of the work of this Section and as condition of its

acceptance deliver to the Landscape Architect two copies of

Maintenance Manual compiled in accordance with the scope of work

Product Handling

Immediately remove from the site plants which are not true to name and

materials which do not comply with the specified requirements and

promptly replace with plants and materials meeting the specified

requirements



PART PRODUCTS

2.01 Fertilizer

Provide commercial balanced 11-8-4 fertilizer

2.02 Soil Amendment

Provide composted cow or sheep manure

2.03 Mulch

Provide locally produced shredded mill-run chips of bark

2.04 Tree Stakes

Unless otherwise indicated on the Drawings provide Redwood stakes
Construction grade rough sawn long

2.05 Crass Seed

Ceneral Provide grass seed which is
Free from noxious week seeds and recleaned
Crade recent crop seed
Treated with appropriate fungicide at time of mixing
Delivered to the site in sealed containers with dealers guaranteed

analysis

Proportions by weight
Merion bluegrass 50%

Newport bluegrass 50%

2.06 Plant Materials

Provide the plant materials shown on the schedule in the Drawings

2.07 Other Materials

Provide other materials not specifically described but required for

complete and proper installation as selected by the Contractor subject to

the approval of the Architect

PART EXECUTION

3.01 Surface Conditions

Examine the areas and conditions under which work of this Section will be

performed Correct conditions detrimental to timely and proper completion

of the Work Do not proceed until unsatisfactory conditions are corrected



3.02 Spreading Topsoil

Finish grading will be performed under Section 02470

Upon completion of finish grading perform fine grading required in

planting area using soil obtained from the site

Raised planter beds
Backfill with mixture consisting of three part topsoil and one

part specified soil amendment by volume

Place the backfill mixture in layers not exceeding uncompacted
thickness

Compact each layer by thorough saturation with water to prevent
future settlement

3.03 Planting Trees and Shrubs

Ceneral
Plant nursery stock immediately upon delivery to the site and

approval by the Landscape Architect except that if this is not

feasible heel-in all bare root and balled materials with damp soil

and protect from sun and wind

Regularly water nursery stock in containers and place them in

cool area protected from the sun and drying winds

Excavating
For shrubs in one gallon containers dig hole 12 in diameter and

12 deep
For shrubs and trees in five gallon containers dig hole 20 in

diameter and 18 deep
For trees in 15 gallon containers dig hole 30 in diameter and

30 deep
At holes more than 12 deep probe by hand to determine if

mechanical auger will hit any in-place utilities

Planting
Fill holes with backfill mixture consisting of three parts soil

taken from the hole and one part specified soil amendment by
volume

Fill to proper height to receive the plant and throughly tamp the

mixture before setting the plant
Set plant in upright position in the center of the hole and compact

the backfill mixture around the ball or roots

Throughly water each plant when the hole is 2/3 full

After watering tamp the soil in place until the surface of the

backfill is level with the surrounding area and the crown of the

plant is at the finished grade of the surrounding area

Build up temporary watering basin around the base of each tree and

shrub unless otherwise directed by the Architect except no basins

around trees and shrubs in turf area or in raised planter beds

Apply the specified mulch to depth of evenly spread over the

entire area of each soil basin



3.04 Planting Ground Cover

Rake existing soil smooth and free from soil lumps rocks sticks and

other deleterious material

Planting
Space the ground cover plants evenly as indicated ont he Drawings

staggering the spaces around shrubs and trees as well as the open

areas
Plant only in soil that is moist but friable never wet or soggy
In case of planting in the open on hot days shorten the time

between planting and watering

3M5 Staking

Stake trees using one stake per tree with two tree ties per stake and

driving stakes into the ground at least tow feet

3.06 Inspection

In addition to normal progress observations schedule and conduct the

following formal inspections giving the Landscape Architect at least 24

hours of advance notice of readiness for inspection

Inspection of plants in containers prior to planting
Inspection of plant locations to verify compliance with the Drawings
Final inspection after completion of planting

Schedule this inspection sufficiently in advance and in cooperation
with the Landscape Architect so final inspection may be conducted

within 24 hours after completion of planting
Final inspection at the end of the maintenance period provided that

previous deficiencies have been corrected

3.07 Maintenance

Maintain planting starting with the planting oeprations and continuing
for 30 calendar days after planting in complete and approved by the

Landscape Architect

Work included

Watering weeding cultivating spraying and pruning necessary to

keep the plant materials in healthy growing condition and to keep
the planted areas neat and attractive throughout the maintenance

period
Provide equipment and means for proper application of water to those

planted areas not equipped with an irrigation system
Protect planted areas against damage including erosion and

trespassing by providing and maintaining proper safeguards



Replacements
At the end of the maintenance period all plant material shall be in

healthy growing condition

During the maintenance period should the apprearance of any plant
indicate weakness and probability of dying immediately replace that

plant with new and healthy plant of the same type land size

without additional cost to the Owner

Replacements required because of vandalism or other causes beyond
the control of the Contractor are not part of the Contract

Extension of maintenance period
Continue the maintenance period at no additional cost to the owner

until previously noted deflciencies have been corrected at which

time the final inspection will be made

END OF SECTION



APPENDIX

Water Budget Calculations



Infiltration Calculations

Data Sources

Data

Monthly Air Temperature

Monthly Precipitation

Conversion and Computation Tables

Runoff Coefficients

Water Holding Capacity of Soil

Evaporation from Bare Soils

WC-l

Source

N.C.A.A 1960 thru 1988
Weyerhaeuser Wi

N.C.A.A 1960 thru 1988
Weyerhaeuser Wi

Thornthwaite and Mather
1975

U.S EPA 1975 Soil

Conservation Hudson
1971

U.S EPA 1975

U.S EPA 1975

KPERMIT

N-i



Type II Stockpile Assumptions

The 1977 monthly temperature and precipitation N.O.A.A
data for Weyerhaeuser WI were used to represent wet
precipitation conditions

The 1976 monthly temperature and precipitation N.O.A.A
data for Weyerhaeuser WI were used to represent dry
precipitation conditions

The average of the 1960 through 1988 monthly
temperature and precipitation N.O.A.A data for

Weyerhaeuser WI was used to represent average
precipitation conditions

The Type II stockpile consists of 27 acres

After removal of the stored material the stockpile area
will be restored to approximate preconstruction
conditions Therefore the preconstruction and post
construction water budget conditions are the same The

existing ground slope is approximately 2%

The Type II stockpile has life of approximately 6.3

years An additional 0.5 years was considered in the
calculations to address the period of time over which
site construction will be completed but no Type II

material will be placed

The stockpile will be filled in two phases
Entire stockpile area 27 acres is open from
October 1990 to April 1991 before filling with
waste rock begins

Filling in Phase begins April 1991

-Filling in Phase II begins in January 1994

Site restoration is completed June 1997

Runoff and evaporation from bare soils are

approximately 75% of the total precipitation U.S EPA
1975

Flat slope was assumed for during construction
calculations Assumption is reasonable given the large
ratio of flat area to steep area on the site

WC-2 EPERMIT

N-2



II Type II Stockpile Infiltration Calculations

Preconstruction and Post Construction
2% slope

la Wet Conditions Infiltration

27 Acres 16.27 in 43560 ft2 lft 7.48 gal

yr AC l2in ft3

11927.800 aal

yr

lb Dry Conditions Infiltration

27 Acres x7.9_mx 43560 ft2 lft x7.48 gal

yr AC l2in ft3

5791.600 gal

yr

ic Average Conditions Infiltration

27 Acres 10.98 in 43560 ft2 lft 7.48 gal

yr AC l2in ft3

8049600 al
yr

WC-3 KPEPMIT

N-3



During Construction Infiltration Calculation

2a Wet Conditions

precip 45.62 in Infiltration 45.6 in 25% 11.40 in

yr yr yr

Area Open Before Filling

.5 yr 27 AC 11.40 in 43560 ft2 Jfl 7.48 gal

yr AC l2in ft3

4178800 al

Phase Filling of Waste Rock

2.75 yrs 15.53 AC 11.40 in 43560 ft2 lft 7.48 al
yr AC l2in ft3

13219600 al

Phase II Open No Filling

2.75 yrs 11.47 AC 11.40 in 43560 ft2 lft 7.48 gal

yr AC l2in ft3

9763600 a1

Phase II Filling and Removal of Waste Rock

3.55 yrs 27 AC 11.40 in 43560 ft2 lft 7.48 gal

yr AC l2in ft3

29669200 a1

2b Dry Conditions

precip 18.06 in Infiltration 18.06 in 25% 4.51 in

yr yr yr

Area Open Before Filling

.5 yr 27 AC 4.51 in 43560 ft2 lft 7.48 gal

yr AC l2in ft3

1653200 gal

WC-4 KPERMIT

N-4



Phase Filling of Waste Rock

2.75 yrs 15.53 AC 4.51 in 43560 ft2 lft 7.48 a1
yr AC l2in ft3

5229800 gal

Phase II Open No Filling

2.75 yrs 11.47 AC 4.51 in 43560 ft2 lft 7.48 al
yr AC l2in ft3

3862600 gal

Phase II Filling and Removal of Waste Rock

3.55 yrs 27 AC 4.51 in 43560 ft2 lft 7.48 aal

yr AC l2in ft3

11737500 a1

2c Average Conditions

precip 34.03 in Infiltration 34.03 in 25% 8.51 in

yr yr yr

Area Open Before Filling

.5 yr 27 AC 8.51 in 43560 ft2 lft 7.48 gal

yr AC l2in ft3

3119400 gal

Phase Filling of Waste Rock

2.75 yrs 15.53 AC 8.51 in 43560 ft2 lft 7.48 gal

yr AC l2in ft3

9868300 gal

Phase II Open No Filling

2.75 yrs 11.47 AC 8.51 in 43560 ft2 lft 7.48 gal

yr AC l2in ft3

7288400 gal

Phase II Filling and Removal of Waste Rock

3.55 yrs 27 AC 8.51 in 43560 ft2 lft 7.48 a1
yr AC l2in ft3

22147800 gal

WC-5 KPERMIT

N-S



III Type Stockpile Assumptions

The 1977 monthly temperature and precipitation N.O.A.A
data for Weyerhaeuser WI were used to represent wet
precipitation conditions

The 1976 monthly temperature and precipitation N.O.A.A
data for Weyerhaeuser WI were used to represent dry
precipitation conditions

The average of the 1960 through 1988 monthly
temperature and precipitation N.O.A.A data for

Weyerhaeuser WI was used to represent average
precipitation conditions

The Type stockpile consists of 40 acres

After removal of the stored material the stockpile area
will be restored to approximate preconstruction
conditions Therefore the preconstruction and post
construction water budget conditions are the same The

existing ground slopes are approximately 2% and 4%

The Type stockpile has life of approximately 7.5

years

The stockpile will be filled in one phase Therefore
it is assumed the total 40 acres is open for the site
life

Runoff and evaporation from bare soils is approximately
75% of the total precipitation U.S EPA 1975

Flat slope was assumed for during construction
calculations Assumption is reasonable given the large
ratio of flat area to steep area on the site

WC-6 KPERNIT

N-6



IV Type Stockpile Infiltration Calculations

Preconstruction and Post Construction

2% and 4% slopes

la Wet Conditions Infiltration

2% Slope 10 AC

10 Acres 16.27 in 43560 ft2 lft 7.48 gal

yr AC l2in ft3

4417700 al
yr

4% Slope 30 AC

30 AC 14.34 in 43560 ft2 lft 7.48 a1
yr AC l2in ft3

11681000 a1
yr

Total 16098700 a1
yr

lb Dry Conditions Infiltration

2% Slope 10 AC

10 AC 7.9 in 43560 ft2 lft 7.48 al
yr AC l2in ft3

2145000 gal

yr

4% Slope 30 AC

30 AC 7.76 in 43560 ft2 lft 7.48 al
yr AC l2in ft3

6321100 gal
yr

Total 8466100 gal

yr

WC-7 KPERNIT

N-7



lc Average Conditions Infiltration

2% Slope 10 AC

10 AC 10.98 in 43560 ft2 lft 7.48 gal

yr AC l2in ft3

2981300 al
yr

4% Slope 30 AC

30 AC 10.98 in 43560 ft2 lft 7.48 gal
yr AC l2in ft3

8944000 al
yr

Total 11925300 al
yr

WC-8 KPERMIT

N-B



During Construction Infiltration Calculation

2a Wet Conditions Infiltration 45.62 in 25% 11.40 in

precip 45.62 in yr yr
yr

7.5 yrs 40 AC 11.40 in 43560 ft2 lft 7.48 al
yr AC l2in ft3

92860800 gal

2b Dry Conditions Infiltration 18.06 in 25% 4.52 in

precip 18.06 in yr yr
yr

7.5 yrs 40 AC 4.52 in 43560 ft2 ift 7.48 gal

yr AC l2in ft3

36818.700 gal

2c Average Conditions Infiltration 34.03 in 25% 8.51 in

precip 34.03 in yr yr
yr

7.5 yrs 40 AC 8.51 in 43560 ft2 lft 7.48 al
yr AC l2in ft3

69320100 gal
Nine Pit Assumptions

WC-9 KPERNIT

N-9



The 1977 monthly temperature and precipitation N.O.A.A
data for Weyerhaeuser WI were used to represent wet

precipitation conditions

The 1976 monthly temperature and precipitation N.O.A.A
data for Weyerhaeuser WI were used to represent dry
precipitation conditions

The average of the 1960 through 1988 monthly
temperature and precipitation N.O.A.A data for

Weyerhaeuser WI was used to represent average
precipitation conditions

The mine pit consists of 32 acres

After mining is complete stored material will be put
back into the pit The pit will be restored to few
feet higher than preconstruction grades Therefore
the construction and post construction water budget
conditions are the same The existing ground slopes
are approximately 2% 4% and 8%

The mine pit has life of 7.9 years from preproduction
through reclamation

The pit will be mined in two phases Phase will be

open the entire operating life of the pit Phase II

will be open beginning the fourth quarter of the first

year and be open the remainder of the operating life of
the pit

Evaporation from bare soils is approximately 50% of the
total precipitation U.S EPA 1975

There will be no infiltration in the pit during
construction because the pit is being dewatered

ci During backfilling 50% of runoff will be non-contact
runoff and 50% will be contact runoff

WC-lO KPERNIT

N-lO



VI Mine Pit Infiltration Precipitation and Runoff
Calculations

Preconstruction and Post Construction

2% 4% and 8% slopes

la Wet Conditions Infiltration

2% Slope

AC 16.27 in 43560 ft2 lft 7.48 al
yr AC l2in ft3

2650600 al
yr

4% Slope

14 AC 14.34 in 43560 ft2 lft 7.48 gal

yr AC l2in ft3

5451100 gal

yr

8% Slope

12 AC 13.04 in 43560 ft2 ift 7.48 gal

yr AC l2in ft3

4248800 gal

yr

Total 12350500 gal

yr

lb Dry Conditions Infiltration

2% Slope

AC 7.9 in 43560 ft2 ift 7.48 gal

yr AC l2in ft3

1287000 al
yr

4% Slope

14 AC 7.76 in 43560 ft2 ift 7.48 a1
yr AC i2in ft3

2949800 ai
yr

We-il KPERMIT

N-li



8% Slope

l2ACx 7.58 mx 43560 ft2 lftx 7.48 gal

yr AC l2in ft3

2469800 al
yr

Total 6706600 al
yr

lc Average Conditions Infiltration

2% Slope

6ACx 10.98 inx43560 ft2 lftx7.48 gal

yr AC l2in ft3

1788800 gal

yr

4% Slope

14 AC 10.98 in 43560 ft2 lft 7.48 gal

yr AC l2in ft3

4173900 al
yr

8% Slope

12 AC 10.95 in 43560 ft2 lft 7.48 gal

yr AC l2in ft3

3567800 al
yr

Total 9530500 al
yr

WC-l2 KPERMIT

N-l2



During Construction Precipitation and Runoff

2a Wet Conditions

precip 45.62 in Evaporation 45.62 in 50% 22.81 in

yr yr yr

Precipitation and Runoff 45.62 in 22.81 in 22.81

yr yr yr

Mine Pit Preproduction

16 AC .33 yr 22.81 in 43560 ft2 ft 7.48 gal

yr AC 12 in ft3

3270100 gal

Mine Pit Phase Open

16 AC .42 yr 22.81 in 43560 ft2 lft 7.48 gal

yr AC l2in ft3

4162000 gal

Total Pit Area Open

32 AC 5.58 yr 22.81 in 43560 ft2 lft 7.48 gal

yr AC l2in ft3

110590000 gal

Mine Pit Restoration

32 AC 1.58 yr 22.81 in 43560 ft2 lft 7.48 gal

yr AC l2in ft3

31314100 gal

2b Dry Conditions

precip 18.06 in Evaporation 18.06 in 50% 9.03 in

yr yr yr

Precipitation and Runoff 18.06 in 9.03 in 9.03 in

yr yr yr

Mine Pit Preproduct ion

16 AC .33 yr 9.03 in 43560 ft2 ft 7.48 gal

yr AC 12 in ft3

1294600 gal

WC-13 KPEPNIT

N-13



Mine Pit Phase Open

16 AC .42 yr 9.03 in 43560 ft2 lft 7.48 gal

yr AC l2in ft3

1647600 gal

Total Pit Area Open

32 AC 5.58 yr 9.03 in 43560 ft2 1f 7.48 gal

yr AC l2in ft2

43780400 gal

Mine Pit Restoration

32 AC 1.58 yr 9.03 in 43560 ft2 ft 7.48 gal

yr AC 12 in ft3

12396600 gal

2c Average Conditions

precip 34.03 in Evaporation 34.03 50% 17.02 in

yr yr

Precipitation and Runoff 34.03 in 17.02 in 17.01 in

yr yr yr

Mine Pit Preproduction

16ACx .33ACx17.01_inx43560_ft2 xl ftx7.48 gal

yr AC 12 in ft2

2438600 gal

Mine Pit Phase Open

16ACx .42yrx17.01 inx43560 ft2 lftx7.48 gal

yr AC l2in ft2

3103700 gal

WC-14 KPERMIT

N-14



Total Pit Area Open

32 AC 5.58 yr 17.01 in 43560 ft2 lft 7.48 gal

yr AC l2in ft2

82470100 gal

Mine Pit Restoration

32 AC 1.58 yrs 17.01 in 43560 ft2 ft 7.48 gal

yr AC 12 in ft2

23351800 gal

WC-15 KPERMIT

N-iS



2d Open Pit Dewatering

Maximum Best Engineering Judgement inflow is estimated
to be 260 gpm during production

Minimum Best Engineering Judgement inflow is estimated
to be 110 gpm at the end of mining

Assume simple arithmetic average for inflow over pit life
after Phase This is conservative since decrease in
inflow is not straight line function

Average inflow 110260 185 gpm

185 gpm 60 mm 24 hr 365 days
hr day yr

97236000 gal

yr

97236000 gal/yr AC 12 in
7.48 gal 32 AC 43560 ft2 ft

111.90 in

yr

Calculations Prepared By flj Date 3/15/89

Calculations Checked By Date 3/29/89

Calculations Revised By Date 12/10/89

WC16 KPERMIT

N-16
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APPENDIX

Analytical Methods for Determining
Metals Content in Biological Tissues



METHOD 540.2

MERCURY

Cold Vapor Technique

Application

1.1 This method is applicable to the determination of mercury in fish tissue

river sediments sewage sludges paper pulp waste and nonaqueous RCRA
ªamples

Summary of Method

2.1 Sample portions are weighed wet into test tubes and digested with

sulfuric-nitric acid digestion mixture Hydrogen peroxide is added to aid

in digestion of high fat 10% samples The samples are digested in an

aluminum block digester at 265C 5C with no detectable loss of

mercury Potassium permaganate is added to ensure complete oxidation

The mercury content is determined by flameless atomic absorption

spectrophotometry The flameless AA procedure is physical method

based on absorption of radiation at 253.7 nm by mercury vapor The

mercury is reduced to the elemental state and aerated from solution

Sample Handling and Preservation

3.1 Fish samples are blended in the field as whole fish and frozen Once
thawed for analysis samples are further homogenized in blender Other

types of samples sludges sediments and other nonaqueous samples are

kept at 4C or frozen until the digestion and moisture can be

performed

Interferences

4.1 The same type of interferences that may occur in water samples are also

possible with fish or other environmental samples i.e sulfides high

copper high chloride

Apparatus

5.1 Samples are digested in Technicon pyrex partial reflux test tubes

calibrated at 50 and 75 mL The tubes are heated in Technicon BD-40

Aluminum Block Digester Heating Unit

5.2 Mercury measurements are made using Perkin Elmer Model 370 atomic

absorption spectrophotometer hooked up in conjunction with Perkin

Elmer Model 56 Recorder

Perkin-Elrner 370 Instrument Settings

Signal TC2
Slit Width 0.7 nm

Wavelength 253.7 nm
Compressed Air flow .75 LPM

540.2-I
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Perkin-Elmer 56 Recorder Settings
Chart speed mm/mm
Rangle my

5.3 Altglassware should be submerged in acatinox solution for 15 minutes
rinsed in 10% nitric acid followed by rinse in distilled water Next all

glassware is rinsed with 20% stannous chloride in hydrochloric acid

Finally all glassware should be rinsed in triplicate with deionized water

Reagents

6.1 Digestion mixture Prepared by mixing concentrated sulfuric acid with
concentrated nitric acid in volumetric ratio of 41

6.2 Hydroxylamine sulfate solution 12% w/v Prepared by dissolving 60

reagent grade hydroxylamine sulfate and 60 reagent grade sodium

chloride in 500 mL deionized water
6.3 Stannous chloride solution 20% w/v Prepared by dissolving 203 reagent

grade SnCl2 in litre 11 hydrochloric acid

6.4 Mercuric chloride stock solution 1000 pg/mL Obtained from

Baker

6.5 Mercuric chloride working solution Prepared by diluting the stock

solution with 1% F-Cl in Milli-Q water to concentration of 0.1 pg/mL

Hg small amount of potassium dichromate approx 0.2 g/500 mL is

added as preservative
6.6 Potassium permaganate solution 5% w/v Prepared by dissolving 25

KMnO4 in 500 mL deionized water

Experimental Procedure

7.1 Fish sample portions of 0.75 0.05 or 0.5 0.05 of wet sludge or

sediment nonaqueous samples are added to 75 mL digestion tubes

Sample portions from 0.65 to 0.85 grams were tested with no observed

matrix effects using 12.5 mL of digestion mixture Blanks standards and

spiked samples are prepared in exactly the same manner Any adhering

sample may be vortexed from the side of the vessel The tubes are

covered and allowed to stand overnight ca 24 hours
7.2 mL of H202 is then added in dropwise fashion to each tube Ten

drops is added to each tube four times This proved effective on high fat

samples Caution should be used upon addition of H202 as reaction is

quite vigorous
7.3 The samples are next placed in cold aluminum block digester and heated

to 265C for 30-75 minutes or until continuous white fuming persists

Samples are removed and allowed to air cool for 10 minutes

7.4 The sample tubes are then placed in cool tap water bath 18C and

allowed to sit for 15-30 minutes After cooling samples should be

completely clear brown or tan digestate indicates insufficient oxidant

present Mercury loss may have occurred The sample must be rerun
7.5 Potassium permaganate is then added in sufficient quantity to maintain

purple color Ca mL The potassium permaganate is added to ensure

complete oxidation and removal of aromatic and nitrogen compounds that

could interfere with photometric measurements

540.2-2
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7.6 The digested samples are allowed to cool for approximately 30 minutes
10-20 mL of deionized water is added to prevent frothing and 2.5 mL 12%
hydroxylamine solution is added to reduce the excess potassium

pemaganate Next the volume is adjusted to 50 mL with deionized

water
7.7 20 mL of the sample is pipetted for analysis and 2.5 mL of 20% SnCl2

solution is added and the released mercury vapor is swept through the

mercury cold vapor system by stream of compressed air
7.8 The moisure is determined for sludges sediments and used to calculate

the FIg concentration on dry weight basis

Precision and Accuracy

8.1 The accuracy and precision of the method was evaluated using National

Bureau of Standards reference materials with certified concentrations of

mercury In addition the precision was further evaluated by running one
fish sample 21 times on different days The results are shown in the

following table

This Metnoci

CH3HgCI
Spike Relative

Certified pgfg // of Recovery Std

Value ug/g Mean vaue Range Runs Average Deviation

0.1550.015 0.1460.037 .127-.192 13 95.9%

0.140.01 0.120.033 .10-J1j3 88.9% 14.3%

3.0160.002 0.0170.005 .014-.023 15 90.5% 14.3%

Liver

Caro Ussue Nct Ap2licable 0.13 0.026 .ll6.l4 21 9b.0% 6.6%

8.2 Using this method as described the detection limit is 0.01 pgg Hg for all

sample types analyzed
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Method 620.1

Cadmium Chromium Copper Lead and Zinc in Tissue

Atomic Absorption

Scope and Application

1.1 This method is applicable to the determination of cadmium chromium

copper lead and zinc in fish and animal tissue

Summary of Method

2.1 Portions of well homogenized tissue are weighed directly in test tubes and

digested with mixture of sulfuric and nitric acids Cadmium chromium

copper lead and zinc are determined directly on the digestate using an

atomic absorption flame technique

Sample Handling and Preservation

3.1 Fish and other animal tissue is homogenized in the field using large meat

grinder portion is placed in glass sample bottle and frozen The samples
remain frozen until analyzed

Apparatus

4.l Technicon pyrex partial reflux test tubes calibrated at 50 mL
4.2 Technicon BD 40 Block Digestor
4.3 Balance Autotaring toploader
4.4 Blender Waring Commercial Blender equipped with minicup

4.5 Routine laboratory glassware
4.6 Atomic absorption spectrophotometer Perkin-Elmer model 403

Reagents

5.1 Nitric/sulfuric acid solution 31 Prepare 31 nitric to sulfuric acid

solution by adding 500 mE conc sulfuric acid Baker lnstraanalyzed to 1500

mE conc nitric acid Baker lnstraanalyzed
5.2 Stock Standard Solutions Certified atomic absg.rption standards commer

cially prepared by Baker Co
5.3 Mixed Standard Solutions

Digestion Procedure

6.1 Remove the samples from the freezer and allow to thaw briefly

6.2 Accurately weigh 0.5 to the nearest C.O1 of tissue directly in the

Technicon partial ref lux test tube

6.2.1 Spike approximately 5% of the samples by adding rnL of mixed

standard solution to the tissue in each of the tubes

6.2.2 Pipet aliquots of mixed standard solution graduated over the concen

620.1-1
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tration range of interest into four empty tubes Process the standards

in the same manner as the tissue and spiked samples
6.3 Add 20 mL of sulfuric/nitric acid solution 5.1 to each tube

6.4 If possible allow the tubes to stand at room temperature 20_220C overnight

to partially digest the tissue

6.5 Place the tubes into the cool block digestor and SLOWLY increase the

temperature to 600C
6.6 Allow the tubes to remain at 60C for hour or until most of the large pieces

of tissue are broken down Note If the samples are allowed to stand

overnight before this process the tissue breaks down quickly without any

foaming However if this step is omitted VERY LONG slow temperature
increase is needed to prevent excess foaming

6.7 Carefully vortex the tubes to wash down any small bits of tissue adhering to

the sides of the tubes Caution Vortex the tubes carefully they are hot
6.3 Gradually increase the temperature from 60 to 120C Allow the tubes to

remain at 120C for hour

6.9 Remove the tubes from the block and allow to cool

6.10 Bring the tubes to volume of 50 mL with Milli-Q water mix thoroughly and

filter through glass wool into 60 mL polyethylene bottle Note The tubes

are calibrated at 50 mL
6.11 Analyze the digestate for cadmium chromium copper lead and zinc using

the procedure outlined in Sections 7.1-7.6

Analysis Cadmium chromium copper lead and zinc

7.1 Analyze the digestate 6.11 using flame Atomic Absorption Use an air-

acetylene gas mixture

7.2 ero the instrument using reagent blank consisting of 20 mL of 31 HNO3-
H2SO added to 30 mL of Milli-Q water

7.3 Calibrate the instrument with the digested standards

7.4 Note Because the digestate has viscous nature nebulizer adjustment is

particularly important
7.5 The samples are very acidic handle with extreme care The analyst should

wear plastic gloves when working with the samples
7.6 To reduce corrosion rinse the burner with copious amounts of Milli-Q water

after use

Precision and Accuracy

8.1 Precision and accuracy data are available in the Inorganic Chemistry Unit

Quality Assurance Manual

ESS

Inorganic Chemistry Unit

Revised January 1982

Revised July 1987

620.1-2
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METHOD 630.1

ARSENIC AND SELENIUM IN ANIMAL TISSUE

Atomic Absorption Hydride

Scope and Application

1.1 This method is applicable to the determination of arsenic and selenium in fish

tissue and other animal tissue

Summary of Method

2.1 Portions of well homogenized tissue are weighed directly into digestion

beakers and ashed with an ashing aid in muffle furnace The ashes are

dissolved in hydrochloric acid

2.2 The resulting solutions are analyzed for arsenic and/or selenium using hydride

generation atomic absorption spectrophomctry

Sample Handling and Preservation

3.1 Whole fish or filets are homogenized by field staff using large meat grinder

portion is placed in glass sample bottle and frozen No further grinding or

blending is required

3.2 Animal tissues other than fish are cut into small chunks placed in glass

bottles and are frozen

3.3 At the lab animal tissue samples are thawed and blended using waring
blender and stainless steel minicup if not immediately analyzed the samples
are refrozen

Apparatus

4.1 Top loading Balance Ainsworth Model 200

4.2 Waring Commercial Blender equipped with minicup

4.3 100 mL Pyrex No 100 beakers with watch glass covers

4.4 Thelco model 26 Mechanical convection oven set at 1C5C

4.5 Muffle Furnace capable of stable heating at 500C

4.6 Atomic Absorption Spectrophotometer Perkin-Elmer model 403 equipped

with strip chart recorder

4.7 Hydride generation accessories Figure

Reagents

5.1 Ethanol 95%

630.1-1
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5.2 Ashing Aid Dissolve 200 MgNO32.j-f2Q in 500 mL MQ water Add 20

MgO MCB and stirring bar

5.3 Hydrochloric acid conc

5.4 Ni KI-9% Ascorbic Acid Solution Dissolve 16.6g potassium iodide and

9g ascorbic acid in MQ water and dilute to 100 mL

5.5 Sodium borohydride pellets Available from Alfa-Ventron Chemicals

5.6 Stock Standard Solutions Baker Instra-Analyzed 1000 mgI. atomic

absorption standard commercially prepared by 3.T Baker Chemical Co

5.7 Organic As stock solution Dissolve 0.19g cacodylic acid in about 75mL of MQ
water add 0.5 mL HNO3 dilute to 100 mL and mix thoroughly

5.8 Standard solutions 1.0 mgI. As 1.0 mgIL Se 1.2 mgI. organic As To
prepare the organic As solution add 100 pL of stock solution to 100 mL
volumetric flask and dilute to the mark with MQ water

5.9 Hydrochloric acid 11

5.10 Test tubes calibrated at 50 mL

5.11 MilliQ MQ reagent grade water Millipore Corp Bedford MA

Digestion Procedure

6.1 Remove the samples from the freezer and allow to thaw briefly

6.2 Accurately weigh lg but 1.5 to the nearest 0.Oig of tissue directly into

the ashing beakers

6.2.1 Spike approximately 5% of the samples by adding 2.0 ml. of 1.2 ug/mL

organic As solution and/or 2.0 ml SeGV standard solution Duplicate

approximately 10% of the samples

6.2.2 Pipet 1.0 2.0 and 3.0 mL of inorganic 1.0 mgIL As and/or 1.0 mg/L
Se standard solutions 5.7 into four empty beakers Process these

standards in the same manner as the tissue and spiked samples

6.3 Add mL ethanol and swirl

6.4 Place the ashing aid bottle on magnetic stir plate and begin stirring the

solution Pipet 10 ml of ashing aid solution into each beaker

6.5 Using glass stirring rod mix the tissue and ashing aid to remove the tissue

from the beaker surface Cover beakers with watch glasses

6.6 Place in 105C oven and dry overnight

30 1-2
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6.7 Transfer the beakers to cold muffle furnace and slowly raise the

temperature of the furnace to 5000C Leave at this temperature for

minimum of 24 hours

6.8 After allowing to cool to near room temperature rinse watch cover and

beaker walls with little MQ water and add 25 mL con HCI Heat on hot

plate at 95C for 30 minutes if Se is required or until the ashes dissolve if only
As is required

6.9 After cooling to room temperature quantitatively transfer the solutions to the

calibrated test tubes rinsing beakers several times with MQ water Dilute to

final volume of 50 mL

6.10 If both As and Se are to be analyzed pipet 25 mL into 60 mL polyethylene

bottles for As

Analysis

7.1 Set up the PE 403 for hydride generation using an argon-hydrogen gas mixture

at 40/24 ratio Use the three slot burner head at height of 11 and depth of

2.9 markings on the 403

7.1.1 For As determinations add 1.0 mL 11-Ascorbic acid solution 5.4 to each

polyethylene bottle and allow to sit for one hour

7.2 Pipet 10 mL of sample solution into the generator flask followed by 10 mL of

11 HCI and 20 ml of MQ water Final volume should always be 40 mL in the

flask

7.3 Attach the flask to the apparatus and purge with argon for 15 seconds and

discontinue

7.4 Add one NaBH4 pellet to the flask by means of the dosing stopcock

7.5 After collecting the hydrides in the balloon for 30 seconds open the gas flow

stopcock and allow the argon to sweep the hydride from the generator into

the flame

7.6 The absorbance is recorded on the strip chart recorder

7.7 Determine the concentration of arsenic or selenium by comparing the sample

peak heights with those of the digested standards plotted as the calibration

curve

Precision and Accuracy

8.1 Precision and accuracy data are available in the Inorganic Chemistry Unit

Quality Assurance Manual

630.1-3
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Figure Hydride Generation Apparatus
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BIOTIC INDEX SORTING PROCEDURE 1983

Place contents of the jar into large pan or tray containing grid of

2inch consecutively numbered squares The grid pattern may be on the

bottom of the tray or on some suitable material placed under transparent

tray If desired alcohol can be removed by placing the sample in

US 30 mesh seive and washing with water before transferring to the pan

Distribute the debris and arthropods as evenly as possible in the tray
Remove any large debris being careful to not discard any arthropods with

it Samples with large numbers of organisms can be divided and

subsampled

Remove all arthropods from one grid at time and place them in jar

containing 70 percent alcohol Arthropods can be sorted to an

identifiable taxonomic level and placed in separate jars An arthropod is

considered to lie within grid if more than one-half of it Is within the

grid The grids to be picked should be selected from random nuriber

table and picked individually Continue picking until at least 100

arthropods with 8.1 values have been removed The last grid should be

totally picked no matter how many arthropods end up in the sample

3a Alternative sorting procedure random nunber table works well on some

samples but not those with lot of debris and few insects Under these

circumstances the following is suggested

randomly select corner of the pan to start picking from

randonly select direction to proceed vertical or horizontal

pick grids in line

This semirandom method allows the debris to be pushed aside as sorting

progresses

Avoid sorting arthropods less than in length except for adult riffle

beetles Elmidae Collect but do not count adult insects except for

riffle beetles Elmidae and Dryopidae Adult beetles Dytiscidae

Gryinidae Hydrophilidae and adult bugs especially Corlxidae are

frequently found in some samples but cannot be used in the HBI analysis

2660A
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MACROINVERTEBRATE/BIOTIC INDEX SAMPLING GUIDELINES 1983

The following macroinvertebrate sampling guidelines are designed as standard

operating procedures for routine investigations basin assessments pre and

post studies etc The objective of these guidelines is to provide minimum

requirements to assure data quality and to assure that future data can be

reliably compared to past data These guidelines do not cover all possible

sampling situations However investigators are expected to conform as

closely as possible to these guidelines in all routine sampling programs which

use the Hilsenhoff Biotic Index analysis system

SAMPLING STRATEGY

Site Selection

The basic site selection criterion is that most sampling sites within stream

reach should have similar habitat characteristics Of particular Importance
is substrate and current velocity

Riffles where flow is rapid and the substrate is composed of gravel or small

stones is the preferred sampling habitat However if riffles are not

available at most sampling sites the next best habitat which is available at

most sites should be sampled variety of habitats found in most streams are

suitable for macroinvertebrate sampling The only exception Is that

nonflowing areas should not be sampled In streams with poor habitat

artificial substrate samplers can be used

General site selection criteria include

Sample similar habitat at most sites for example do not sample gravel

riffle upstream and debris in slower velocity area downstream

Riffles with gravel or stone substrates are preferred

Sample areas with flow velocity of at least 0.5 ft/sec preferably with

gravel or stone substrates

If areas with gravel or stone substrates are not available sample debris

in the fastest turbulent current

Leaves grass and other debris clinging to branches or snags are

acceptable if nothing better can be found

Avoid areas directly downstream from Impoundments or bridges

Avoid sampling silty substrates

Streams without suitable habitat should be sampled with artificial

substrates
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Replicate Sampling

For routine investigations three replicate samples should be taken at

control or upstream site and no replicates at other sites within stream
reach

When conducting investigations for enforcement purposes or other potentially
sensitive situations three replicate samples at each site are suggested It

may not be necessary to process all samples but replicates should at least be

available if needed

Sampling Seasons

Macroinvertebrate sampling in Wisconsin should generally be done from October
to May Because of ice conditions autumn sampling should be done as late as

possible before freeze up and spring sampling should be done as soon after

ice out and return to nomal flow conditions as possible

For routine investigations sampling only one season is recomended Spring

sampling is preferred in most situations However there are situations where

autumn sampling may be preferred

To insure any future sampling can be correlated with past data it is important

to collect water temperature and flow or stage data when macroinvertebrate

samples are taken Future samples should be taken under similar physical

conditions

SAMPLING PROCEDURES

Sampling Methods

Sample with 0-frame net by holding the net firmly against the substrate and

disturbing the substrate upstream from the net with your feet to dislodge

arthropods Do not try to push the net through the substrate Let the

arthropods wash downstream into the net few rocks sticks or pieces of

vegetation should be examined and sampled if necessary to ensure that firmly

attached insects are included in the sample

Try to sample all suitable niches at each sampling site with equal effort Do

not sample areas at the site with flow velocity less than 0.5 ft/sec or

areas with substrate composed of sediment In some situations sampling along

transect is appropriate in others an expanded effort at site may be

requi red

When replicate samples are to be taken sample from downstream to upstream to

insure that an undisturbed area is sampled stream reach should also be

sampled from downstream to upstream if sites are close together
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Number of Arthropods

minimum of 100 arthropods that have Biotoc Index values should be sampled at

each site Sample all suitable habitat at each site no matter how many

arthropods are collected

Sample Handling and Preservation

After the sample is collected rinse sediment from the net by forcefully
running the net through the water few times

Visually inspect the net contents to insure that at least 100 arthropods
with Biotic Index values were collected Insufficient numbers may
indicate water quality problem and should be noted

Transfer the debris and arthropods to widemouth jar of sufficient

size Remove any arthropods clinging to the net and include them in the

sample Md enough 70 percent alcohol to the jar to cover the debris use
95 percent alcohol if enough water remains in the sample to dilute the

alcohol to 70 percent

Field Data

Fill out the Hacroinvertebrate Field Sampling Data sheet Fonn 320052
when samples are taken Use different sheet at each site within

stream reach

Describe in detail the exact location of each sampling site Use

landmarks such as bridges rock outcroppings etc Record distances

directions east west -- NOT left right Be precise as possible to

insure someone else can find the same site in the future

Record water temperature and flow or stage for future reference

Record sampling methods i.e Dframe net number of replicates number

of transects or other sampling pattern etc

Record the time spent taking each sample

Record an estimate of the abundance of arthropods at each site as follows

Abundant large number of arthropods found at the site greater than

1000 collected In short time

Connon no difficulty in collecting 100 arthropods sampling resulted in

200 to 1000 arthropods

tincomon had difficulty but managed to collect at least 100 arthropods

with Blotic Index values

Rare could not obtain 100 arthropods

P4
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