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APPENDIX A

ONONDAGA COUNTY PEffi~IT FOR CRUCIBLE LANDFILL



l

COUNTY OF ONONDAGA

PERMIT

FOR USE OF COUNTY-OWNED PROPERTY

PERl1ISSION IS HEREBY GRANTED

TO: Crucible Materials Cor oration Metals Division of State Fair
Boulevard, Box 977, Syracuse, 13201 and Colt Industries, Inc.
(hereinafter referred to as Permittees), to use and occupy the County
owned property.at the particular location described on the map hereto
attached and pursuant to the conditions and regulations, whether general
or special, which are hereinafter set forth; all forming a part hereof, to
wi t:

CO~DITI0NS AND REGULATIONS

l
J

]

J

J

J

J

J

1.

2.

3.

4.

5.

The lerm of this Permit shall be an indefinite duration; hoc,.'ever, the
County of Onondaga hereby reserves the right to revoke the same at any
time ~ith or ~ithout cause upon thirty (30) days notice.

The property covered by this Permit shall be used only for the purpose of
industrial non-hazardous solid waste disposal landfill by the permittees,
in compliance with the Department of Environmental Conservation Part 360
Ope ra t ing Permit, and Uni ted Sta tes Envirorupenta 1 Protection Agency RCRA
Closure Plan, and for no other purpose whatsoever. This penni t sha 11 not
be assigned or transferred without the prior written consent of the
Onondaga County Executive.

Permittees are responsible for assuring that their occupancy shall be in
compliance with any and all applicable federal, state and local la ....·s,
ordinances, codes, rules and regulations affecting the use of the property
for the purpose recited above.

Permittees are responsible for any repairs, improvements or maintenance
work of any kind on the property. It is the responsibili ty of the
Permittee to notify the County immediately of any unsafe or hazardous
condi tion or conditions that would affect continued occupation of prop
erty.

Permittees shall operate said landfill in strict compliance ...·ith the l'fel,;
York SLate Departnlent of Environmental Conservation Part 360 Operating
Permit, as amended, Permit Nwnl>er 1573 issued Novembe:: 3, 1982. Appendix
A attached hereto and made a part hereof sets forth the New York State
Department of Environmental Conservation's procedures for operation of
said landfill, to which procedures must be strictly adhered. If said
Permit shail be amenned, then any additional requirements must be strictly
adhered to. In addition, Permittee shall operate said landfill in strict
compl iance wi th the Uni ted Sta tes Envi ronmenta 1 Protection Agency RCRA
Closure Plan. If said Part 360 Operating Permit and/or EPA authorization



7. Permittees further agree to operate said landfill in accordance with the
following requirements:

-
-(

- :l 9.

·1
-J
-
-1

-I

-~

-1
_I

)

-
-(

J-\

-I
-J
• !
-

6.

8.

should be terminated, then this Permit shall concurrently expire.

Upon notice of termination of this Permit, the Permittees shall be
resp~hsible for closure of the subject landfill in accordance with DEC and
EPA Rules and Regulations. The Permittee shall be required to obtain a
Closure Bond in such amount as may be required from time to time by the
New York State Department of Environmental Conservation or by the United
States Environmental Protection Agency to guarantee closure of the subject
landfill in accordance with DEC and EPA Rules and Regulations. Said Bond
is to name the County of Onondaga as obI i gee. The bond amount may be
reduced as portions of the landfill are closed.

The landfill should blend with or be visually unobtrusive to the
surrounding area;

The drainage swales bet ....'cen a grouping of eight sequentially closed
waste stages ,.... ill direct runoff from the cap and provide effective
drainage as well as minimization of erosion;

The side slopes should be stable and vegetated; and

The closure sequence will follow from Stage 1 through 8 as shown on
Drawing Number 3, attached hereto and made a part hereof.

The Permittees covenant and agree to indemnify, defend and hold harmless
the County of Onondaga, its officers, agents and employees from and
against any and all loss or expense that may arise by reason of liability
for damage, injury or death, or expense that may arise by means of lia
bility for sudden or non-sudden envirorunental pollution occurrences» or
for invasion of personal or property rights, of every name and nature, and
whether casual or continuing trespass or nuisance, and any other claim for
damages arising at law and equity alleged to have been caused or sustained
in whole or in part by or because of any omission of duty, negligence or
",'rongful act on the part of the Permittees, its employees or agents, or
because of any joint omission of duty, negligence or wrongful act on the
part of the Permittees and the County, their officers, agents or employees
in connection wi th this Permi t. Such covenant and agreement to continue
in force for a period of thirty (30) years after closure of the landfill
facility.

The Permittees also agree to purchase Environmental Liability Insurance
coverage with the County of Onondaga being named as an additional insured
for sudden accidental occurrences of pollution by the harmful presence of
Solid, Liquid, Gaseous Substance or Thermal Contaminants upon Land,
Atmosphere or Body of Water, with (1) limits of at least $1,000,000 per
each occurrence/per each claim/per pollution incident and $1,000,000
annual aggregate, exclusive of legal defense costs, subject to a $200,000
deductible and (2) limits of $5,000,000 for all claims of Don-sudden

-2-
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enviro~mcntal impairment with a $10,000,000 aggregate subject to a
$500,000 deductible. This insurance coverage shall be maintained for such
period of time [ollo\.,·ing final closure of the subject landfill as is
required by State and Federal Rules, Regulations and Orders.

The insurance policy must be endorsed so as to provide that the issuing
company(s) will notify the Certificate of Insurance Holder, who shall be
the Onondaga County Attorney, located in the Department of Law, Civic
Center, 42] Montgomery Street, Syracuse, New York, 13202, by certified
mail thirty (30) days prior to any change diminishing coverage, limits,
cancellation or non-renc.·....al of the insurance policies.

The Permittees shall have furnished to the Onondaga County Department of
Law a Certificate of Insurance which shall evidence all of the above·
requirements of insurance. Said Certificate must contain specific lan
guage so as to adequately advise the County of the Permittees compliance
with the aforesaid requirements of insurance, including but not limited to
specifically detailing the types, amount and duration of the insurance
coverages and to notify the County of any change diminishing coverage,
limits, cancellation or non-rene .... al of the insurance policies. Upon any
and all renewals of the subject insurances during the duration of this
contract, a new Certificate of Insurance shall immediately be sent to the
Certificate of Insurance Holder, the Onondaga County Attorney.

ACCEPTANCE:

In consideration of the granting of the within Permit, the undersigned, duly
authorized representative of the Permittee, hereby accepts the same subject to
the restrictions and obligations herein described.

-
-I

]9St:'

COLT INDUSTRIES, INC.

By: T \ J.J ~f.'-L'-

Vice President

-J
-I
-)

-1
APPROVAL OF COUNTY:

By:

CRUCIBLE ~~TERIALS CORPORATION,

SPEC/TY ·Mr.TALS~ . (

~~~~d5;.. ~

Division President

COUNTY OF ONONDAGA

-1
-J

Dated

cj k/\o,·p

1984 By:

-3-

John H. Nul roy t County Executive



6. The quality of the final cover of conpleted areas (per Crucible's operating plan)
oust ~eet 'the ~pecifications of Part 360.

4. Sub'oit engineerir.g design for the c:.Jrrent f.:lcility \.'ith :,.L1cing tn conf(lr::l,;;:C:i~

yith requirements of Part 360.
I

CrucitJle Steel's (lpp.ratir:~ procccJu:-c sL:bo:;itteo 111 t!le C l. S l;('l'urt \/ill bi: [,>ll()\,",,!

unless I::~dificd by the f0110\,Jin!; COli·iitio!ls.

The'follo·..,Iinr. Crucible V;l"tc m.-:!teriDls nre r.?pro\"ctl for clisl,os;:l: s~ag, cO:I:;tr;}.:\~·

and rcfactory debri5, abso~bents, boiler house ashc~, coo)an~ sya:-Ve5. Dill sca~

nnd wasteuater tre3lm~nt Silidees. Any other ~a5tc n~cd specific npr:-oval of
the Department.

The quarterly groundvater monitoring plnn for the site will be &lccording to the
attached.

One year pric,!' to en ter int; ne\J area~ of the l.:lnd fill that h.:ld not heen entcrt~~

as 0'£ SepteI:lber 23, 1932, Cr:ucible Stc:~l \"i11 SL:bonit a corlpletecl engineerin~ r~;:>rt

and design in accordance \.lith Part 360 requirements for a le,1chzt~ liner and
collection. The report should evaluate various materials including SolvRy process
\.Iaste nnd vn':£ol!s pdmixtllres. The cconcr.:ics, technicnl feasibili.ty ir.:p<:Jct of the
vario~s line=s should b~ adcre$sed.

Cll,~IC 11\1.:: STeEL

PAlcr 360
OI'EfiAT rt:c; l'E!~11 IT

r

5. Daily ~nd int~rroedi~te cover uill not be required unless th~r0 i5 R rrcblcD
related to blowing dust, odor, ver-t(lrs or other Port JGO vio12ti~~s. In those
cases upon notice fron th~ Department a cover material applicabl~ to the
requirements of Part 360 will b~ utilized.

8 .

7. Those areas in the existing facility that have received waste that have been
defined as hazardous \.I3ste by the Departmen~ of Environmental Conservation
including ADD dust and/or air pollution dust shall be cap?ed \.lith suitable cover
material \.lith a permeabiiity of I x 10-7 ern/sec or less. The minimum depth of the
cap thall be 18".

- [,.

-
- I
- '1

-1

-J

- {

- '{

--1

-~ l.

I 2.-
-1

)

3.

9. All other general provisions of Pnr~ 360 npplicable to solid uaste landfills are
to be folloyed unless variance is granted in these conditions.

-J
-

10. In 60 days Crucible will s:.Jbnit a clarification 9f the contingency plan 1n the
C Eo S Report date:d .Jun~, 1982, SectiN'! 5.09. The cl~rific2~ion should defir:e
"Crucible derived contaf!:in:mt" and "st.:ltistically cocuT:li.:nted incre.:J$p's".

- ~

./

-
- j
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1. S,H:ll'lint: and bailing of \.Je11r. (20 locations ;I~ ;I;,PJ'"(IV("~ f,y the Vepartl':2'l1t of
Enviro:1lnp.D t:ll Con~crv.1t ion)

l;I. Sa,nplc ... ll spring sccpag~ g~llcric:.s ~nd a::-cas, of estnblishcj ~ecps a" subJr.itt.~d

in the Crucible Steel en~inecring report. };cni:;orinr, \.Ji~l be co~du:::ted in tb~

spring, Sllllt'ner. f<tIl and \.Jin~er as tlley arc cviccnt.

2. Inspection of site

Twenty locations x 4 times/year

-1-
-

-~

3.

pI:
Con,-~ucti':ity

Chlo::-ic.l.cs
;roc
Phenol
CY.:!!1 i.de 5

Ir on ,
L~~d

Chro~~ (Total)
Ch ro~:e (Hex.)

Alkalin ity
Arsenic
Codr:1ium
Copp~r

1'Iercury
Zin:::
Hangcoe se
Sulf:ltes

,Total Dissolved Solids
Water Temperature

1,.1ate rEI evat ion
C<"ll.::: ill;:"!

S(,diur.l

Redox rotential

4. Submission of a quarterly report to the DEC F,egion 7 Office.
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ANALYTICAL RESULTS

QUARTERLY MONITORING PROGRAM
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SETTLEMENT AND STABILITY INVESTIGATION

CRUCIBLE LANDFILL

GEDDES, NEW YORK

INTRODUCTION

General

This report presents the results of a geotechnical investiga
tion of the Crucible Landfill. The landfill is located on the
southwest side of Onondaga Lake, approximately two miles north
west of Syracuse •

The Crucible Landfill is unique in that it is situated atop an
abandoned Solvay Process waste bed. This waste material, and
the natural soils underlying the bed, therefore govern the settle
ment and stability of the -landfill. The Solvay Process waste
in particular is a material whose behavior is complex and not
widely understood.

Since the writer's initial involvement with this project, two
additional and significant restrictions have been imposed on
the operation and closure of the landfill. The first of these
is the requirement for an impervious cap, which places addition
al emphasis on the adequacy of settlement estimates, and will
affect the groundwater conditions beneath the landfill. The
second is an accelerated schedule of closure, which limits the
opportunity for monitoring and corrective adjustments as the
development of the site proceeds. The expanded geotechnical
investigation discussed in this report is a direct result of
these restrictions.

Pyrposes and Scope of Work

The purposes of this investigation were to:

o Estimate settlements.

o Examine various modes of instability.

o Assist in the development of a site grading/drainage plan
compatible with the estimated settlement and stability
restrictions.

o Assist in the development of a practical system of closure.

a detailed program of geotechnical monitoring.

these purposes, the writer's scope of work included:
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o Coordinating a program of geotechnical laboratory testing,
the details and results of which are presented and discussed
in subsequent sections.

o Conducting a program of geotechnical engineering analyses,
directed primarily at the settlement and stability character
istics of the landfill.

o Coordinating a program of exploratory drilling and field
testing, the details and results of which are presented and
discussed in subsequent sections.

FIELD AND LABORATORY WORK

Field Work

The field work included:

o A 52-foot boring (B-85-l) through the interior Solvay Process
waste, drilled on June 13, 1985. The boring was advanced by'
a truck-mounted rotary drill rig and hollow-stem auger casing,
and three-inch thin-walled tube samples were taken at depths
of approximately 11, 21, 31, 41, and 51 feet.

o A l02-foot boring (B-85-2) through the exterior dike along
Nine Mile Creek and into the underlying natural soils, drilled
between June 17 and June 21, 1985. The boring was advanced
by a track-mounted drill rig utiliZing driven casing and the
rotary wash method of cleanout. Standard split spoon samples
were taken at five-foot intervals throughout the Solvay Process
waste. and at five other depths in the underlying natural soils.
Three-inch thin-walled tube samples were taken only in the
natural soils, at depths of approximately 61, 81, and 91 feet.
Vane shear tests were also taken only in the natural soils,
at depths of approximately 75, 85, and 95 feet.

o Four l25-foot borings (INC-l through INC-4) through the per
imeter Solvay Process waste and into the underlying natural
soils, drilled between July 22 and August 1, 1985. The
borings were advanced by a track-mounted rotary drill rig
utilizing spun-in flush-joint casing. Standard split spoon
samples were taken at five-foot intervals in two of the
borings (INC-l and INC-2), below depths of approximately
48 feet. An inclinometer casing was installed in each of

(

- l 0 Making a reconnaissance of the site.

o Reviewing the previous reports, papers, and correspondence
applicable to the project. A listing of all references is
provided in AppendiX G.
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the four borings.

o A test pit (TP-85-l) in the Solvay Process waste, located
immediately south of and approximately midway along the
southern edge of the Crucible Landfill. The pit was exca
vated and backfilled by Crucible personnel on July 17, 1985.
A visual examination and several rapid field tests were
performed by the writer. The findings are presented in
Appendix D.

The drilling, sampling, vane shear testing, and inclinometer
casing installation work was contracted to Empire Soils Inves
tigations, Inc. Their subsurface logs and inclinometer casing
details are presented in Appendix C. The results of the three
vane shear tests, as computed by the writer, are presented in
Table 1.

The locations of the six borings and the single test pit were
determined and placed on drawings by representatives of Crucible
and Calocerinos & Spina, and are shown in Figur~ 1. Surface
elevations at these locations were estimated by the writer,
using existing topographic maps of the site.

All samples obtained in the field were retained by the writer,
for visual examination and laboratory testing.

Laboratory Work

The laboratory work included:

o 61 natural moisture content determinations, including samples
of both the Solvay Process waste and the underlying natural
Boils.

a 33 "Pocket Penetrometer" shear strength determinations,
including samples of both the Solvay Process waste and the
underlying natural soils.

o 33 IfTorvane" shear strength determinations, including samples
of both the Solvay Process waste and the underlying natural
soils.

o 17 Atterberg limits determinations, including samples of only
the natural soils.

o 13 density determinations, including samples of both the
Solvay Process waste and the underlying natural soils.

a Eight rapid unconfined compression tests, including samples
of only the natural soils •
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o Six consolidation tests, including samples of only the Sol
vay Process waste. Each of these tests was performed in less
than eight hours and with no additional water, so that the
undesirable effects of sample dissolution were eliminated.

o Three sieve analyses, including samples of only the natural
soils.

Much of the laboratory work was performed by Parratt-Wolff, Inc.
Some of the more unusual testing, however, was performed direct
ly by the writer, utilizing the laboratory and testing equipment
of Parratt-Wolff, Inc.

The results of all .. laboratory tests are summarized in Table 1.
More detailed profile sketches of the eight thin-walled tube
samples, including test results, are presented in Appendix E•
Curves resulting from the six consolidation tests are presented
in Appendix F.

SITE PROFILES AND PROPERTIES SELECTED FOR ANALYSES

General

The general surface and subsurface conditions at this site have
been well documented in previous reports by Thomsen Associates
and Calocerinos & Spina, and are therefore not discussed here.

The critical profile, in terms of both geometry and the proper
ties of the subsurface materials, remains that along Nine Mile
Creek, and is shown in simplified form in Figure 2. A reexamin
ation of other portions of the site has confirmed this assump
tion.

The properties tabulated in Figure 2 reflect the current field
and laboratory test results, previous work, the writer's exper
ience, and an amount of reasonably conservative engineering
jUdgment. These properties are discussed further in the follow
ing sections.

Geotechnical Properties and Behavior of Solvay Process Waste

The Solvay Process waste is a bone white, fine-grained, and
cemented chemical by-product of the Solvay Process. Hydraulic
placement has resulted in horizontal bedding, while the random
deposition of flyash has resulted in numerous darker and more
heavily cemented layers. Numerous generally vertical discontin
uities also exist, although no dipping discontinuities (sloping
cracks, which might increase the potential for sliding instabil
ity) have been noted.
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The shear strength of the intact Solvay Process waste was estim
ated in the laboratory by both "Pocket Penetrometer" and "Tor
vane" testing on undisturbed samples. The average "Pocket Pene
trometer" shear strength is approximately 1900 pounds per square
foot, while the average "Torvane" shear strength is approximately
700 pounds per square foot.

More confidence is held in the 1900 pounds per square foot
value, for several reasons. First, the "Pocket Penetrometer"
appears to provide a better model of the actual field problem
than the "Torvane." The failure mechanism appears to be one of
punching, in which the cemented strength of the Solvay Process
waste is exceeded, the skeletal structure of the loaded waste
collapses, and the waste beyond the loaded area remains rela
tively uninvolved. Second, insertion of the multi-bladed "Tor
vane" involves a significant amount of disturbance, meaning that
much of the cementation is lost before the test is actually con
ducted. Third, in-situ vane shear tests performed by Thomsen
Associates (1982) yielded strengths ranging between 1858 and 3353
pounds per square foot, and averaging 2540 pounds per square foot.
Fourth and finally, the "Pocket Penetrometer" results provide
excellent correlation with the values of apparent preconsolidation
pressure (Pc) determined by consolidation testing.

Summarizing, the average cemented shear strength of the intact
Solvay Process waste selected for analysis was 1900 pounds per
square foot. This value was then adjusted substantially downward
(to less than 1400 pounds per square foot), to account for the
effects of strain incompatibility and the presence of vertical
discontinuities.

The compressibility characteristics of the Solvay Process waste
were investigated in the laboratory by performing six consolida
tion tests on undisturbed samples. As noted in a previous sec
tion, each of these tests was performed-in less than eight hours
and with no additional water, so that the undesirable effects of
sample dissolution were eliminated. Curves of strain versus
stress (on a log scale) are presented in Appendix F. Each curve
yields the following information:

o Pc, the apparent preconsolidation pressure. This is the
effective vertical stress beyond which most of the cementa
tion is destroyed, the skeletal structure of the waste begins
to collapse, and the irrecoverable compressive strains increase
dramatically.

o Kr, the relative recompressibility. This is the slope (change
in strain over change in log of stress) of the portion of the
curve below Pc •
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o Kc, the relative compressibility. This is the slope of the
portion o~ the curve beyond Pc.

The average value of Pc obtained from consolidation testing is
approximately 3600 pounds per square foot. The ratio of the
individual Pc values to "Pocket Penetrometer" shear strengths
determined for immediately adjacent sample sections, however,
was found to be consistently near 2.00. Therefore, the 23
"Pocket Penetrometer" results could be extended to estimate a
value of Pc for analysis (and to provide general confirmation
of the Pc values obtained through consolidation testing). This
value is 3800 pounds per square foot. (It should be noted that
each of the 23 "Pocket Penetrometer" results represents an aver
age of about five individual tests. Also, the "Pocket Penetro
meter" yields an approximate value of unconfined compressive
strength. Shear strengths are obtained by dividing this value
by two.)

Further combining the discussions of strength and compressibil
ity, it has been a concern throughout this ~roj~ct that stresses
in excess of Pc (or excessive shear strains) could cause a dras
tic reduction in strength, which in tum could result in a flow
slide type of failure. Field and laboratory tests conducted
during this investigation, however, have not confirmed that this
concern is valid. Furthermore, the Solvay Process waste has been
conservatively assumed to possess no frictional strength. At
e~~ective vertical stresses in excess of 3800 pounds per square
foot, however, and assuming a relatively slow rate of load appli
cation, such a frictional component would tend to compensate for
any cementation destroyed. Kulhawy, Sangrey, and Grove (1977)
measured ef~ective stress friction angles of approximately 32
degrees, for both undisturbed and remolded samples.

Geotechnical Properties and Behavior of Underlying Natural Soils

The critical soils underlying the Solvay Process waste bed are
generally dominated by silts of low plasticity. Zones of more
plastic clay, however, as well as some organic soils, were also
encountered.

The shear strength characteristics of the natural soils were
estimated on the basis of the results summarized in Table 1. The
significant amount of scatter in the shear strength data is attri
butable to the low plasticity of the soils tested. As plasticity
and cohesion decrease, frictional resistance and drained strength
generally increase. Therefore, to the extent that drainage and
consolidation will occur as the actual field loads are applied
over time, higher drained strengths will prevail, and the un
drained strength parameters selected will actually be conservative.
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In the particular case of the natural soils lying between eleva
tion 340 and the Solvay Process waste, both drained and undrained
strength parameters were used in the stability analysis. The
condition yielding lower strength was always assumed to govern.

In consideration of the sizeable settlements estimated to be
possible within the Solvay Process waste, the comparative com
pressibility of the underlying natural soils is assumed to be
negligible.

Groundwater

The current maximum mean groundwater elevation at the site is
approximately 405., It has been estimated by Calocerinos & Spina
that, by placement of an impervious cap, the groundwater could
drop to as low as elevation 375. For purposes of analyzing the
critical profile, it has been assumed that the groundwater ele
vation will be no higher than 390.

DISCUSSIONS, RESULTS, AND INPLICATIONS OF ANALYSES

General

The settlement and stability analyses indicate that a scheme of
surface water removal is preferable to one of surface water infil
tration. The infiltration scheme involves a number of concerns
and uncertainties, including the adverse effects of potentially
higher hydrostatic pressures on stability, the uncertain long
term effects of concentrated leaching, and the potential prob-
lems associated with clogging and maintenance of infiltration·
galleries. These concerns and uncertainties would be difficult
to resolve, particularly within the accelerated schedule of clo
sure now imposed.

From a settlement standpoint alone, the current analyses indicate
that there is relatively little to be gained from mainta~ing

high groundwater levels. It should also pe noted that, with the
requirement for an impervious cap, virtually any grading plan
will create effective vertical stresses in excess of the current
ly estimated value of Pc.

The site grading/drainage plan discussed in subsequent sections
was necessarily developed in unison with the estimated settle
ments. These settlements, and in particular the final drainage
slopes which they so strongly affect, are considered acceptable
by Calocerinos & Spina. The grading/drainage plan was also
strongly influenced by stability considerations, particularly
within the two southernmost landfill sections.

Settlement
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The estimated maximum total settlements within the landfill,
based on the proposed design configuration and thicknesses, are
as follows:

Estimated Settlement
Drop Drop

Thickness of Ground\1ater Groundwater
Crucible \'Iaste ~05 to 390 405 to 375
and Cap Edge Interior Edge Interior

0' i' i' !' if
7' 2' 3' 2i' 4'

10' 2'" 4' 3' 5'

13' 3' 5' 3~r 6'

It should be noted that the relative compressibility (Kc) was
applied within the upper four feet of frost-disturbed Solvay Pro
cess waste, as well as within any waste subjected to an effective
vertical stress in excess of 3800 pounds per square foot. As is
noted in a previous section, the compressibility of the under
lying natural soils has been assumed to be relatively insignifi
cant.

Stability

The stability computations were performed with the aid of an
electronic calculator, and combined chart solutions, the wedge
method, and the ordinary method of slices. Although more sophis
ticated (and less conservative) methods of analysis are available,
they are considered unwarranted by the conditions at this site.

The two critical modes of instability are:

o A deep circular failure involving much of the underlying
natural soil.

o A sliding failure along the interface between the Solvay Pro-
cess waste and the underlying natural soil.

The configuration of the deep circular failure is shown in Figure
2. As is noted in a previous section, the cemented shear strength
of the intact Solvay Process_waste was adjusted substantially down
ward, to account for the effects of strain incompatibility and the
presence of vertical discontinuities. The resulting factor of
safety is 1.25, an acceptable value.

The sliding mode of failure would be of increased importance if
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the interior Solvay Process waste underwent a loss of strength.
In any case, the computed factor of safety is greater than 1.50.

During the course of this project, the wisdom of continued land
filling has been questioned, particularly in consideration of the
concerns regarding stability. In response to this, it can be
stated that stability is not a major concern for most of the site,
and that the concerns regarding stability are to a great extent
related to the impervious cap and the accelerated schedule of
closure. In the two southernmost landfill sections, where the
stability concerns are the greatest, waste is no longer being
placed, and some will in fact be removed.

Closure Schedule and Monitoring Program

The closure schedule and monitoring program are critical aspects
of this project, and detailed recommendations are provided in a
subsequent section. Briefly, the four northern landfill sections
(Stage A) must be completed well before the four southern land
fill sections (Stage B), so that the full-scale performance can
be adequately observed before proceeding to the-potentially more
critical areas of the site. Also, the rough grading of each
stage should be completed well before that stage is capped, to
reduce the potential for differential settlement and resulting
cap damage. Waste thicknesses, vertical and horizontal move
ments, strengths, and groundwater levels (reflecting both season
al variations and the effects of capping) must all be carefully
monitored throughout the development of the landfill, so that any
potential difficulties can be effectively identified and treated.

CONCLUSIONS

o ~e average cemented shear strength of the intact Solvay Pro
cess waste selected for analysis is 1900 pounds per square
foot. This value was adjusted substantially downward, to
account for the effects of strain incompatibility and the
presence of vertical discontinuities.

o The average apparent preconsolidation pressure of the Solvay
Process waste selected for analysis is 3800 pounds per square
foot.

o Neither the average shear strength nor the average apparent
preconsolidation pressure appears to vary with depth.

o The current field and laboratory testing have not confirmed
the potential for a flow slide type of failure.

o The critical profile remains that along Nine Mile Creek.
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o The computed factor of safety against a deep circular fail
ure is 1.25.

o The computed factor of safety against a sliding failure is
greater than 1.50.

o Settlements as great as approximately six feet have been
estimated.

o A scheme of surface water removal is preferable to one of
surface water infiltration.

o The closure schedule and monitoring program are critical
aspects of the project.

RECO:MMENDATIONS

o No Crucible waste or cap material should be placed within 100
feet of the crest of the upper Solvay "plateau."

o No slopes of the completed cap or drainage channels should be
steeper than one vertical on three horizontal.

a The maximum combined thickness of Crucible waste and cap
material should not exceed 13 feet along the central longi
tudinal ridge of each of the eight 500 foot by 250 foot
landfill sections.

o The combined thickness of Crucible waste and cap material
should not exceed seven feet along the interior drainage
swales and at the crests of the perimeter slopes.

o The average combined thickness of Crucible waste and cap
material should not exceed 10 feet.

o For the two southernmost landfill sections (those nearest
Nine Mile Creek), the combined thickness of Crucible waste
and cap material should increase uniformly from zero feet,
along a line at least 100 feet from the crest of the upper
Solvay "plateau," to 13 feet, along a line at least 225 feet
from the crest of the upper Solvay "plateau."

o ~e longitudinal ridges and interior drainage swales should
run east-west, parallelling Nine Mile Creek and Route 690.

o Each landfill stage should be rough graded at least nine months
before it is capped.

o Capping of the four southern landfill section~ (stage B)
should not be started until the four northern landfill
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sections (stage A) have been fully capped for at least nine
months.

o To prevent the localized and concentrated infiltration of
water near the edges of the landfill, drainage channels
should be lined with impervious material.

o No part of any perimeter drainage channel should lie within
50 feet of the crest of the upper Solvay "plateau."

o Uncontrolled runoff over the crest of the upper Solvay "plat
eau" should not be permitted.

o Prior to the closure of any landfill section, 39 horizontal
steel plates with attached vertical steel rods or pipes should
be installed at the Crucible/Solvay interface, at the approx
imate locations shown in Figure 1. The plates should be at
least three feet by three feet in plan view, and at least .25
inch in thickness. The rods or pipes should be at least 16
feet in length and one inch in diameter, should be marked in
one foot increments, and should be brightly painted and flagged.
The purposes of these devices are to monitor settlements and
horizontal movements at the Crucible/Solvay interface, and to
limit the combined thicknesses of the Crucible waste and cap
material. Upon installation, the elevations of the tops of
the rods or pipes should- be determined to an accuracy of .1
feet, using conventional differential leveling techniques and
at least two stable (distant) benchmarks. Also upon installa
tion, the 34 horizontal distances shown in Figure 1 should be
determined by steel tape to an accuracy of .1 feet. The hori
zontal measurements should be made at the ground surface at
the time of the measurements, and should represent the dis
tances between the centers of the adjacent rods or pipes.
(It is recognized that these horizontal measurements may not
be entirely meaningful for tilted rods or pipes not yet sur
rounded by appreciable thicknesses of fill. Nevertheless,
the measurements are neither costly nor time consuming, and
should be made.

o Plate readings (both vertical and horizontal), inclinometer
readings, and groundwater level readings should be scheduled
for repetition at three month intervals.

o The quarterly sets of readings 'should include general visual
inspections of the landfill and its surrounding slopes.

o At least six months after capping of the four northern landfill
sections (Stage A), but prior to capping of any other landfill
sections, a boring should be advanced through the center of each
of the four northern landfill sections. In each boring, vane
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shear testing should be performed throughout the Solvay Pro
cess waste, at intervals of five feet.

o Between six and nine months after capping of the four southern
landfill sections (stage B), a similar vane shear boring
should be advanced through the center of each of these land
fill sections.

o All field monitoring and strength testing data should be eval
uated by a licensed geotechnical engineer familiar with the
site. Based on this data, the engineer may elect to maintain,
increase, or decrease the frequency of monitoring. The engin
eer may also elect to recommend additional investigative and/
or corrective action. Additional investigative action could
include field vane shear testing, undisturbed sampling, and
laboratory testing. It could be necessitated by projected
settlements greater than those estimated, horizontal movements
in excess of six inches, unfavorable groundwater level read
ings, or an apparent loss of strength. Corrective action
would probably consist primarily of a modification of the site
grading/drainage plan.

o Any adjustments in the final grading should generally be
achieved through excavation only, rather than through the
placement of additional fill.

RISKS AND LIMITATIONS

From a geotechnical standpoint, the Crucible Landfill is unique,
and the work behind this report may represent the furthest extent
to which the behavior of the Solvay Process waste is understood.

Nevertheless, it must also be aoknowledged that the capped land
fill will result in the greatest subsurface pressures ever im
posed on Solvay Process waste. There are no comparable full
scale case histories, and the opportunity for monitoring and
corrective adjustments is limited by an accelerated schedule of
closure.

This report has been prepared for the exclusive use of Caloceri
nos & Spina, for specific application to the Crucible Landfill,
in accordance with geotechnical engineering practices and stan
dards generally accepted at the time the report was prepared. No
other warranty, expressed or implied, is made.

000

The following are attached, and complete this report:

Appendix A: Table 1, Summary of Field and Laboratory Test Results
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Appendix B: Figures (2)

Appendix C: Boring Logs

Appendix D: Test Pit Findings

Appendix E: Tube Sample Profiles (8)

Appendix F: Consolidation Curves (6)

Appendix G: References

Respectfully submitted,

-;:;:f 4'. ;&~
RAY M. TEETER, P.E.
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Table 1

Summary of Field and Laboratory Test Results
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Boring Logs
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100 67·.0' ----:---- ...
- fine SAND & SILT 6-19-85

61- 55
70- -

- 11 nn Attempted Tube
55 from 70.0'-72.0'-

-
51 No Recovery

- b1
-

75- 60
Vane Shear @ 75.0':!: --88 Test

-
65- 55

-
- 45

I 53--88 I -'-

" = ~o hlo"" to drl\t'~_oo ~PO(>n 12 .. wIth l40. III Pin wt follllnK 3 Q "per blow CLASSIFICATION Visual by
4 1 Drillerc = :\() hlm\, to dr'''' " (<1,,01:__2_ 00 w,th}_q_q ..Ib weIght faI/inK 3a "per blow.

4" 1.0. Flush Joint Casing/Standard Penetration Test
.\\fTHOD Of 1~\'f5T1GATION

(



Penet~~tion'Teqt
R T Form H

DATE

~ SUBSURFACE LOC

B-85~2
STARTED 6 ... 17';"'85 HOLE NO.

contI d

FINISHED 6-20-85 SURF. ELEV.

3m 3SHEET G. W. DEPTH-
PROJECT Subsurface Investigat~on LOCATION Crucible Landfill

l - C BLOWS ON

.SZ
:t SAMPLER 6 SOIL OR ROCK I0:: NOTES
"- ::; IX[X CLASSI FICATIONc lX r-i l=: lJ)

lao ~ 16·
N III 0.10

2UBO . 0 ' - 82 o' 75 •-
t2.

l-
IRe co~ er 60

- hl:\ wriction on Vane Shaft @ 83.2'

- 31

85-
30 ~ane Shear Test @ 85.0'~
l:l5 -

-
- 61 6-19-8587.0'----------
- 75 6-20-85

50
-

~O 1:\1I 1TJkln In 1_Iq?
-

- O' fin
~.c IRE CO' er " 65

-
71
70

- .

9S-
70 -

- Ivane Shear Test @ 95 0'+. ....
-
-
-

1118 0 fLine

/ 14 1.:1 2.J 2( 41 SAND & SILT -
- 25
- :p,oring Terminated @ 102.0· Vane Shear Test
- data recorded on

- accompaning -I-

-
Field Vane Shear
Test Forms.

-
-
-
- -~

-

-
-
-

- -
- .

-

-

-

i
-

I ~ =' No him" to dll\"_.~_" \p()lln .. l~" Wllh_..:L4.0 II> pm wt failing 30 "per blow ClASSIFICAnON Vi.sual by
I

i c =' ~o blll\\' to nr"•.__3_,. (,\'1nl: 12 .. w'lh~~.~.Jb weight falling 30 "per blow.
Driller

I
\HTHOonr 1~\,[STlr:"T1n",411__I .D. Flush Joint Casing/3 11 I.D. Thin-walled tUbes/stan~ar~

I -- ---_...._--
- ,I

-

I
J

"1

\
....J

-
-

- '1

- ~1

--1
-(

-\
-1
-I
-J

-

-1
-~



N/A,

HOlE NO. __I_N_C_-_l _

SURF. ELEV. _

C. W. DEPTH

Crucible Landfill

Solvay, NY
LOCATION

~a!r:. .." .
~ d&=CC SU.BSURFACE LOG7-26-85

7-25-85

Inclinometer Installation

4____OF _

"1 DATE- STARTED

~
FINISHED

- SHEET 1

1
PROJECT

-
:: 0 BLOWS ON

ZI..oL.
:i:. SAMPLlR C LJ

c.
~

?:: ~

C l/(lXIX 0'"
~ <- ~ N ::l ....

0 18

-

SOIL OR ROCK
CLASSIFICAnON

SOLVAY WASTE

NOTES

No sampling from 0'-48"

- -
-
-

5- -

-
-
-
-

'I
- J

- 11

- -jl

- ~I
II

-
-
-

1

!
l/

-
..J.O-

-
-
-
-

15-

-

-
-
-

20-
-
-
-
-

25""
-
-
-
-

30-
-
-

-
-

35-
-
-
-

-

-

-

-

-

_f ~o--,,--....."---_~__-:I===:===:==:=====: -
1'; = r-;" hi"", III dr",, " Sflooll " wilh lh P'" wI falling; "per blow

c = So blo", 10 dr"l'_., .. (''''"1-:,- ...__'' wilh Jh wl,'lgh! failing "per blow.
HW Flu~h Joint Casing Urilleu w/water

....UHH)[) or ',,\V[STICATION

CLASSIFICATION Visual by Driller



-
-
-
-J

-
_OJ

-
-!
-t
-l
...

- J

- JI

- ~l

-1

DATE

]E:li\lf[PIR~STARTED 7-25...85 HOLE NO. INC- 1 .cont'd

7-26...85 I ..)I ...."ilI~~lj:>o.~~(e1~'4tJ (G1~i:t I,f~ SUBSURFACE LOG SURF. ELEV.fiNISHED

SHEET 2 OF 4 G. W. DEPTH N/A•

PROJECT Inclinometer Installation LOCATION Crucible Landfill
Solvay, NY

- 0/> C BLOWS ON Z v- - z
::::

~
SAMPLER C u SOIL OR ROCK NOTES,. z

0 < ~ IXlXIX
c :;; CLASSIFICATlON

0/>

~
- <

18 N <Xl U

4v
I

-
-
-

-
45""""

-. -
-
-

V1 2 3 3 6-
tso

4
-I-

-
-

- II ? 11 A h 14

10
55

-
-
-

- II 3 8 8 10 18
15

160
-I-

-
62.0'

-
Grey-Brown, saturated varved SILT

-V4 6 7 10 17 & CLAY
14

6;:) -
-
- 68.0'

II 5 3 3 3 6 dark Brown, saturated Organic SILT
- 3 & CLAY (moderate organic odor)

1-70 -
-
-

- l/ 6 1 2 1 3
2

7':) - ..
-
- 78.0'

La-II 7\ 61 6 5 11
l:S.laCK, saturated coarse-1:~ne SANU &

S[ ---- --- CLAY w/decayinq wood(strong organic
odor 80.0',. -

N = No 01,,,,,,, to 0"", .2.._-- 'pOOI1 __ 12.._" "'lo__14QJh pm wI lallm&---.lQ_"per blow ClA5SIfiCATIONVisua1 by Driller

•• r-r., ~ ••.•. ,.,. ,... .. TTT.T 1:" .-l... 'T_.:_ ,... __ .:.__ ..:J_':"_A I ,-...f- __ .c:__~ ,,_'')~, C'. Tn"M -F,...""T'T\ 1nnl-1?1;'



DATE

JEl\IIPIlR"ESTARTED 7-25-85 HOLE NO. INC.] • co~t'

FINISHED 7-26-85 f~",:~)jrJ..-"'~~'4~'1~~~=~IJ~"h'~W~SU BSURFACE LOG SURF. ELEV.

3 4 G. W. DEPTH,HEET OF

PROJECT Inclinometer Installation LOCATION Crucible Landfill

Solvay, NY

- ~
0 BlUWS ON z v- Z

~
~"MPltK 0<.) SOIL OR ROCK

:;:: s ~ NOTES-
~ :; 1% % X c "" CLASSIFICATJON::5 ~ << N UlV

'" 16

F811
- Grey, saturated SILT, little clay, I

- trace fine sand

-

85-V8 3 3 3 6
-~

4

-
-

.

["90- /
9 2 3 4 7

3 -
-
-

- II 10 3 4 3 7
)5 4

-

-
97.0'

V11 10 12 13 25 Grey, saturated fine SAND & SILT
-

14
100 -

-
-

- II 12 9 11 10 21
10 grades little silt

105 -
-
-

- 1/ 13 8 9 13 2'"
11

~lO . -
-
-

-V 14 12 15 15 3C
16 grades trace silt

~1::> -
-
-

-V lC;i llll.LJA. ....2 f-----

2v 15, -- f'"l

J

' N = No hi"", to 0""1'_2_" ~po()nJL" with----l~CLlb pin wt falling 30 "per blow CLASSIFICATION Visual by Orilla

_ C = No blo" , to dflvt' C,lS inK ., with Ib welghtfJlling "per blow.

MfTHOn OJ 1!',;\'fc.Tlr,\T\nN HW Flush Joint Casinq Driller w/water from 0 '-125' & mud from 100' -12 '

- II
-II
-II

-J'
- II

,I
- Ii

-II
_[I

- jl

- jl

- ]1

_rl



contll
-] DATE

STARTED 7-25-85

-~ FINISHED 7-26-85

SHEET 4 OF 4

~;M SUBSURFACE LOC
HOLE NO. INC-l

SURF. HEV. _

C. W. DEPTH ....INOl../wA~ _

PROJECT Inclinometer Installation LOCATION Crucible Landfill
Solvay, NY

- or> L lILOWSON Z u- -
i ~

SAMPLER ell- ;;:
~

?; Z

Ci ~ /(,%X
c ;;;

~
- <

~2~
18 N al W

-- -

OJ -I 16 10 le 15 25-
l~

21

I -- -
-

"'I i'

-

- ri3&

]1
-
-- - \ -
-

11

-- -

-

! -- -

~ -
-- -

SOIL OR ROCK
CLASSI FICATION

Boring Terminated @ 125.0'

NOTES

Inclinometer installe~
to 124'.
See accompanying
detail.

-

-~

-

-
CLASSIFICATION Visual by Driller

-

--

--

-
-

-
-
-
-
-
-
-

-

-
-

-
-
-
-
- r

I-1 l
.1

I I" = ~() bin", tn dfl,,·_2__'· spnun_l~ .. "'lh_~_40 _.Ib pm wI tall'ng_3_O__'"per blow

_ C = :-,;" bl"" , 10 drl\t·__.. _ .._" c",nl: '" Wllh III w"'l:hr f"lIml/, "per blow

• .r~ .. ,,_ ~ __ ._. _._. HW Fl11",h .11"'; nt- r",,,,; nn nyi 1 1 ""Y wlw",r""Y A, mllr'l

-J
- 31

- JI -

- ~I

-II



PLAN
QRIENTATION OF AXES

A-axes nearly perpendicular
to sloPi

BORING NO. INC-l

INSTALLATION NO. _I_N_C-_l _

TOP GROUND ELEV _

II

. 2 3/4~ 0.0. PVC or ALUMINUM CASING

.--'----- LI ME - CEMENT GROUT
() .

. ,

•

..
'.'

o

•

oJ "•• ; ": J

l

J ~

. ,
0 .

0
J

''0

D. ~

.
";) . 0

CAP

J. .

L()

N

INCLINOMETER CASING DETAILS

-o.

PROJECT INCLINOMTER'INSTALLATION

LOCATION CRUCIBLE LANDFILL SOLVAY I NY

-]

-~

- -I

-I

-I

-l
- -1

- -J

-J
-l
-I
-1
- ()

-j

-1
-J
_1 J----

- J -

-.I



DATE

~~ SUBSURFACE
STARTED 7-22..85 HOLE NO. TNC-2

fiNISHED 7 24 85
LOG SURf. ELEV.

SHEET 1 OF 4 C. W. DEPTH NIA

PROJECT Incl inometer Installation LOCATION Crucible Steel

Solvay, NY

- C BlUWS ON Z uZ
::: SAMPLER C u SOIL OR ROCK
c:: ~ :z: NOTES
3 ~ 1%1,%X c '" CLASSIFICATlON- <j;

18 N alv

0 1 SOLVAY WASTE No sampling from 0-48'
,

-
-
-
- -

5- -
-
-
-
-

:1.0- -
-
.-
-
-

15- --
-
-
-
-

20- -
-
-
-
-

25- -
-
-
-
-

~30- -1-

-

-
-
-

3S- --
-
-
-
- ! -_.-

I
I

40
: 1 .......

...

- J

-j

-}:

-jl

- J'

-Jl

'

I N ~ No hlo", 10 drlv.,._._._·· ,P[lOI) .._. __," wllh lb 1,,1) wI falling "per blow ClASSlflCAnONVisual by Driller

_ C = No bl"", to dr",<' " (a~",~ __ . " wlth .Jb w(',ghl L,I"nll ..per blow

-

..

.. l

.. - \

-'I

-J

-

-~

-

_1

..I



DATE

EJl\ll,~ ~1RE7-22-85 HOLE NO. :rNC~2 ~ontld

STARTED
7-24-85 1f,.-<;-.11 ,.:'M~ifJ=>-..., .(.ef~ "{")~~I~{lM SUBSURFACE LOG SURF. ElEV.FINISHED

2 4 G. W. DEPTHSHEET OF

PROJECT Toe] j Dometer Installation LOCATION Crucible Landfill

Solvay, NY

- 0 BLOWS ON Zu- z
SAMPLER eLl SOIL OR ROCK NOTESc:: 0:: 3 ?

Ci ~ X X X 0"" CLASSIFICATION
~

- <
16 N "'u

=4",
SOLVAY WASTE

,
-
-
-
-

45- -
-
-

7-22-85

-7 1 2 1 1 2 48 0
1
------------• 7-23-85

2
[50 -

-
- -
-
-

55- -
-

-

- / 2 3 3 4 7

-60
4 -

-
-
- .....,

3A 1 7 11 18 64.0'-

L6S-
3B 16

Black, ~aturated Organic SILT & CLA' -
-

-
- --

~~o-
4 3 4 5 9

7 -
-
-
-..... 74.0'
-

75-L5 7 9 11 20
Grey, saturated SILT & fine SAND -

11-
-
-

Lo-~ 6 18: 20 i 16 36 -

--1

-~

-
-

- -1

-
-]-

-
-
- j

- ]

- j

_I
I

- ~

]1
I

- J!
I

N = ~o blo", 10 dflv..--=2c--_ . 'POOII_~" withJ4.Q__lb pin wI tailing 30 "per blow

c = r-;" bl"", In orl\" . (""";: .....__" WIII1 .. _..• III we'l:hr f.ll1ing "per blow
__ __ __ H\<J F'll1c:h .Tr.int- r",c:;nn AY"i ll~" wh••::>t-<>Y"

ClASSIFICATIONVisual by Driller



-~

-1

-1
-1

-
-"1

1--~

- 1
J

I-Ij

-
-J
-1
-I

j

- II

-J

- J!

DATE

~ SUBSURFACE LOG
STARTED 7-22-85 HOLE NO~NC~ 2 cont1d

7-24-85 SURF. HEV.FINISHED

SHEET 3 OF 4 C. W. DEPTH

PROJECT IIiclinometer Installation LOCATION Crucible Landfill
Solvay, NY

- '"
0 8l0WSON Z- - Z

1: SAMPUR 0 SOIL OR ROCK
~

.. NOTES... 0-

1;<!% c CLASSIFICATlON5 ~ ~ Ix~ N iii

F8v-
18·

I'- 12 Grey, saturated SILT & fine SAND
I

-
-
- 83.5'
~

-
8~

:/
7 PU H* Grey, saturated CLAY & SILT Casing dropped 3ft. :-

- when uncoupled, obtain~~

-
S-7 by pushing spoon
inside casing.

- ....
- -

~O-
/ 8 3 3 4 7 -

- .... 4
-
-

9S-
q l) c; 4 9 grades SILT, Some Clay

1/ -
7

-
-
~

-

V-1100-
10 3 2 3 5 grades SILT, little clay

2 7-23-85 -
- 100.5'--------------

7-24-85
-
-
~

-
Ire-1/ 11 5 6 5 11

~ 6 grades SILT, little fine sand -I-

-
-
-
~

-

~f:llG-
12 9 13 13 26 grades fine SAND, little silt

10 -
-
-
-

h-
1/11-9- 13 8 9 10 19 grades fine S~D, trace silt
f- 11 -

-
-

_!l.l.4..L1cLlI"I 1r..2.0

~2v 121 I I -
, '1>,',,/1 12 "'Ib ,14 0, .. 11> 1'10 wI ,,,Ibng _~Q.._"pt:r blow ClASSIF leATION Visual by Driller

c = ~() bill,,' 10 dO\'e_ .__" C,l\lng .. wilh_, Ib wt'IChl f.1l1ing "per blow.

\,IFTHODOf I-..;VfSTIC,\TION __~~Fl~sh Joint Casing Driller w/water



cont'~- I DATE

STARTED 7-22.".85

=1
FINISHED 7-24-85- 4 45HEET OF

~ SUBSURFACE LOG
HOlE NO. INC.. 2

SURF. ELEV. _

G. W. DEPTH

- 1

I
PROJECT Inclinometer Installation LOCATION Crucible Landfill

Solvay, NY

-

NOTESSOIL OR ROCK
CLASSIFICATION

Zu
eLJ
,. Z
C :;;
~ <
'" u

:: '" 2 BLOWS ON

i e:: SAMPLER

~ ~ IXl%fX N

t12Ucrrr=r=T=T==T==r====F============*=,==========r:J
-

-I
-

Inclinometer installed
to 125.
See accompanying detai

trace

Boring Terminated @ 125.0'

Grey, saturated fine SAND,
silt

-
-

-

I / 15 11 12 12 24
,..,;11 13
l~-r---r---t---l-+-+--+--------------+---------H

-
- -1

-1

-

-
-
-
-

-
-
-
-

-

-

- -- -
-- -

- J
-1 1

II

- ~I

- i

-
-
-
-
-
-
-

~ -
-
-
-
-
-
-
-
-

-

-

-~

-
ClASSIFICATION Visual by Driller

r-.-;.--t--1I'-----+--~------rl --'--'----'-_-'-----L_...l----l__-l

I

J
I !'oj = No hi,,,,, to drl\l,_2--" spo()n_~~_.. wlth_l~g__lh pin wI fdllong 30 "per blow

_ C = No him', 10 d"\" (."'n~.-..._-_.. with Ib Wl"Rht f.t1hng "per blow

HW Flush Joint Casinq drilled w/water



BORING NO.__~I~N~C-~2:...- _

INSTALLATION NO. -....::;,;IN:.;,.;C::..--..::..2 _

TOP GROUND ELE'I. _

,
-+-- LIME -CEMENT GROUT

~ [2 3/4~ 0.0. PVC or AWMINUM CASING

" .Q

J

•

,} '•• ; '. J

-o

INCLINOMETER CASING DETAILS

PROJECT INCLINOMTER INSTALLATION

LOCATION CRUCIBLE LANDFILL SOLVAY, NY

I
-I

I~- LOCKING COVER

-::;:--CAP
_t-----h__t--- :-( 6 ~ 0.0. STEEL PIPE

- --I_-.-_-r_~_-~-'-=u~~r.,..\;,....;-;:,q-;.:":~~ ~' I~C~CRETE SEAL
::://I'i,\\\\y-.'1t7q " ::. ;-t. 9.'711 ;;;-j\tl/I,,'1IIi"/llI~) )/"

. ~ 4 .' .::: 4
~ ::....::''=t-->- SAND-- , ~

- l
-1
-l

--l
-~

-1
--1

-I

-I
-l

PLAN
ORIENWIOO OF AXES

A-Axes nearly perpendicular
to slope

I

CAP

0 .
0

J

'') .
II :>

'1/ .'
~ 0 \)'Q

~ \) ~.........-------::l-,_.... . r-

~ 0
\", O. ~.o

~ . . . ~
,\ i), • \\

_ :-L

1

---------~ ~.ITi"',1IF_''''~))

-J
- J



DATE

~ SUBSURFACE LOC
STARTED 7-29-85 HOLE NO. INC~3

FINISHED 7-30-85 SURF. HEV,

N/A
SHEET 1 OF 1 C. W. DEPTH

PROJECT Inclinometer Installation LOCATION Crucible Landfill
Solvay, NY

- 0 BlOWS ON Z v- 'l:
J: SAMPllR 0<.) SOIL OR ROCK... 0:

IXl%
3 ~

CLASSIFICATION
NOTES

0 ~ 1% 0'"
~ <

~ la· N "'...,
F

Drilled without sampling from 0'-
,

-
- 125.0' Inclinometer installed

- to 125' •

- See accompanying detai

- -
-
-
-
-
- -~

-
-
-
-

- -~

-
-
-
-

- -
-
-

-
-

- -
-
-
-
-
- -I-

-

-
-
-

I

- -
-
-
-

l - >- ._---
I -

-
1- ]

-J
". -J

-~

-
-T·

--:1

-I
-I
-

-
-

- --J

-~

-
-

c = :"" blol\\ to d"", " (<1'IOIl ." wilh lb wp,ght fallin!: "per blow

MFTHnnnr 1""r<;:T1r.\l,n,,' HW Flush Joint Casinq Drilled with Water from 0-100' and Mud 100'-12 '-J
~ = No hi""" torlr'vt' " ~poon " with .It. pin wI lalllOg, "per blow ClASSIFICATION .:Nc;..O=:..n:..:..::e _



- -~'j

-~

-
-

PROJECT INCLINOMTER INSTALLATION

LOCATION CRUCIBLE LANDFILL SOLVAY, NY

BORING NO. I_N_C-......;3~ _

INSTALLATION NO. _I_NC_-_3 _

TOP GROUND ELE'J. _

-)
--\

I

INCLINOMETER CASING DETAILS

PLAN
QRIE~JATIQN OF AXES

A-Axes nearly perpendicular
to Slore

GROUT

r ALUMINUM CASING

0.0. STEEL PIPE

E SEAL

1 - LOCKING COVER

L-CAP-- ~ 6 ~Lt"

" ~ ~CONCRET.. ~ .'
• 0'.'0 .' ~ ~ ••• p.~,. -- , =III/;/\\\\~Uq .. :.: .": ,~ 'l 7/1 ~JIl'l/,~III~/III"')\)/"

, '

4 : .
~

.... -..
~~-SAND· ,". , ,

"
"

.;.
11" .: " J

)

~

J

• ~
, .
• Q- "-LIME-CEMENT0.

L[') II

N ,
r-I

{:2 3/4~ 0.0,
. PVC 0

J f--.
)

J J
I
t ,

0 .
0

J

• 'J

D :>

III
.. .

~ 0
\)

'\I

~
Q -.... r- CAP

~.....::
0

0 .0\10 · ~

.f
:Z • 1:
~ • i) . '. ~\
'h =::.J1}4'/IP-If\.WJ,)

-J
-J

-1
-1
- .1

o

- J

-1J

-l-j

-1
-I

-

- .J

- ~

-J



DATE

~~STARTED 7-30-85 HOlE NO. TNC-4

FINISHED 8-01-85 :03JJU" SUBSURFACE LOC SURF. HEV.

SHEET 1 OF 1 C. W. DEPTH N/A

PROJECT Inclinometer Installation LOCATION Crucible Landfill

Solvay, NY

- 0 BLOWS ON z- z c SOIL OR ROCK
~

SAMPLlR :: NOTES:;: ...
15 ~ IX\XIX 0 CLASSIFICATlON

5: N a:
16

Drilled without sampling from OI- I

-
125.0' Inclinometer installed-

Ito 125·.- See accompanying detai
-

- -f-

-
-
-
-

f- - -
-
- -
-
-
- -
-
-
-
-
- -
-
-
-
-

- -I-

-
-
-
-

- -
-
-
-
-

- -I-

-
-
-

l - i
, I -

l
-I

-
-
-
-J
-

l
-j

-J

-
-
-
-
-3

-
-

N = No hlo"" lodroVl' spooo " with lb pin wI fallin'K-K "per blow

C = No him" todroH' " C.1~lng " with lb weight fallinK-g "per blow.

ClASSIFICATION _N_o_n_e _



- ~1

-~

- ~l

-1

PROJECT INCLINOMTER INSTALLATION

LOCATION CRUCIBLE LANDFILL SOLVAY, NY

BORING NO. I_N_C_-4 _

INSTALLATION NO. _IN_C_-_4 _

TOP GROUND ELEV _

-
INCLINOMETER CASING DETAILS

I~- LOCKING COVER

.::-CAP
_r-------+---.l-r--- ..-{ 6 ~ 0.0. STEEL PIPE

Lf'I~N .• ~ :. ": c.' . CONCRETE SEAL
r-r--__.-__-~:::;.:;."'':..;.':.,:.<1.;:,.,~: t. • tI • po ~., • -

- . ;;111/;1\\\\~It/q : :" . :~ q ill ;;I'j\I'l/~I/''l/111:1/\\)//
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Test Pit Findings



Findings From Test Pit TP-85-1

(Excavated and Backfilled on July 17, 1985)

Pocket Penetrometer
Average Shear

Vertical Horizontal
(Floor) (Wall)

Horizontal
(Floor)

900

Torvane
Vertical
('''all)

800

Strength (psf)

1850
1750

2250
2000

4
5-6

Approximate
Depth
(Feet)

-'1
-1
-1
-
-

1. The Solvay Process waste is horizontally bedded.

2. Numerous vertical discontinuities also exist.

,

-\

-1
-J
-(
.. (

-

Approximate Crudely
Applied Vertical
Load (psf)

4,000
6,000
8,000
10,000
12,000 (failed)
12,000,
16,000 (failed)

Notes

Approximate Disturbed Pocket
Penetrometer Shear Strength
(psf)

2250
2000
2250
2500
2500
3000
2500

I
-\

-1
-J
-~

I
-I

3. No dipping discontinuities were noted.

4. The strengths of the intact Solvay Process waste in the test
pit are similar to those measured in tube samples.

5. The intact Solvay Process waste has generally isotropic
strength characteristics.

6. In the absence of a normal confining stress, the strengths
along discontinuities are significantly less than those
through the intact waste.

7. After loading the Solvay Process waste to and beyond 4000
pounds per square foot, there does not appear to be a sig
nificant loss in strength.
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Key to Tube Samnle Profiles

MC: Moisture content (percent)

WD: Wet density (pounds per cubic foot)

PI: Plasticity index (percent)

PP: Unconfined compressive strength (tons per square foot),
measured by Pocket Penetrometer

TV: Undrained shear strength (tons per square foot), measured
by Torvane

UC: Unconfined compressive strength (pounds per square foot)

Pc: Apparent preconsolidation pressure (tons per square foot),
measured by consolidation testing
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SECTION 1

I NTRODUCTI ON

1. 1 GENERA,L

This Construction Quality Assurance (CQA) Plan is for the
construction activities relative to the closure of the landfill used by
Crucible Specialty Metals for disposal of its manufacturing wastes.
This plan has been prepared as an appendix to "Revised Landfill Closure
Plan ll which is the engineering report for the landfill closure project.
The engineering report contains background information on the landfill!
and the details and technical justification for the closure project. It
is assumed that the reader of this CQA plan is familiar with the details
of the Crucible Landfill closure project.

1. 2 PURPOSE

This COA plan is intended to provide a planned and systematic
pattern of all means and actions designed to provide adequate confidence
that items or services meet contractual and jurisdictional requirements
and will perform satisfactorily in service.

1.3 SCOPE

The preliminary technical specifications for the various
construction services are attached to this plan. This plan will
describe the steps which will be taken to insure that the construction
activities are performed in accordance with the specifications.
Reference is made to individual specification sections as appropriate.
Additionally the proposed CQA record-keeping methods will be described.
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SECTION 2

RESPONSIBILITY AND AUTHORITY

2.1 Parties

The parties who may be involved with the landfill closure are
defined and when possible identified below.

2.1.1 Approval Agency

The Approval Agency is authorized by law and regulation to approve
the plan of closure of a hazardous waste land disposal facility. It is
the responsibility of the Approval Agency to review the facility
owner/operator's closure plan, including the site-specific CQA plan, for
compliance with the agency's requirements and to approve or disapprove
the closure plan based on this review. The agency will have the
responsibility and authority to review and accept or reject any design
revisions or request for changes that are submitted by the facility
owner/operator after the approval is granted. The agency also may
review CQA records during or after facility construction to confirm,
with a reasonable degree of certainty, that the facility was constructed
so that it meets or exceeds all design criteria, plans and
specifications.

The Approval Agency is:

New York State Department
of Environmental Conservation
Bureau of Hazardous Waste Technology
Division of Solid and Hazardous Waste
50 Wolf Rd.
Albany, NY 12233-0001

Contact: Mr. Harvey King
(518) 457-9253

2.1.2 Facility Operator

The Fac"ility Operator is responsible for the hazardous waste
landfill facility. He is also responsible for the operation of the
facility. This responsibility includes complying with the requirements
of the Approval Agency in order to obtain closure approval and assuring
the agency, by the submission of CQA documentation, that the facility
was constructed, with a reasonable degree of certainty, to meet or
exceed all design plans, criteria and specifications.

The Operator of this facility is:

Crucible Speciality Metals Division
Crucible Materials Corporation Inc
PO Box 977
Syracuse, NY 13201

Contact: Mr. Robert H. Wills, Jr.

2-1
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Additionally, as explained in Section 5 -and Appendix I of the
Revised Closure Plan, Colt Industries Inc. is the former operator of the
facility and remains financially responsible for closure and
post-closure costs and liability coverage for accidental occurrences.

2.1.3 Project Manager

The Project Manager is the official representative of the operator.
He will be in chargp. of coordinating field activities.

The Project Manager will be an employee of the Operator who will be
assigned the duties of Project Manager for the landfill closure
construction.

2.1.4 Design Engineer/Inspector

The Design Engineer is responsible for the design, drawings, plans
and specification of the landfill closure system and the supporting
soil. Design activities do not end until closure is completed; the
Design Engineer may have to change some design elements if unexpected
site conditions are encountered or changes in construction methodology
occur that could adversely affect performance of the closed landfill.

The Inspector is a party independent from the Manufacturer,
Fabricator, Installer or Contractor who is responsible for observing and
documenting activities related to the quality assurance of all
construction components related to the landfill closure. He is also
responsible for issuing a certification report, sealed by a registered
Professional Engineer.

The Design Engineer/Inspector is the firm Calocerinos &Spina
Consulting Engineers.

2.1.5 Contractors

The specific responsibilities of the contractors will be enumerated
in the contract specifications. In general the construction contractor
shall perform the landfill closure in strict accordance with design
criteria, plans and specifications, using the necessary construction
procedures and techniques. Additionally the contractors will be
required to formulate and implement plans for construction quality
control. The construction contractor has the authority to direct and
manage his employees and the equipment they use to accomplish the
construction.

Individual contractors are defined below. It is anticipated that
there will be only two prime contracts, one for earthwork and one for
supply and installation of the geomembrane, with several subcontractors.

2.1.5.1 Earthwork Contractor

The earthwork contractor is responsible for grading the Crucible
wastes and underlying materials to final grade, preparing the supporting
surface for the geomembrane, backfilling the geomembrane anchor
trenches, and placing granular materials and final cover system on the
geomembrane liner.

2-2
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2.1.5.2 Resin Supplier

The Resin Supplier will produce and deliver HOPE resin to the
Manufacturer.

2.1.5.3 Manufacturer

The Manufacturer is responsible for production of geomembrane rolls
from resin.

2.1.5.4 Fabricator

The fabricator is responsible for the fabrication of geomembrane
blankets from geomembrane rolls.

2.1.5.5 Transporter

The Transporter will transport geomembrane rolls or blankets
between the Manufacturer, Fabricator and/or the site, as appropriate.

2.1.5.6 Installer

The Installer is responsible for field handling, storing, placing,
seaming and other site aspects of the geomembrane paneJs.

2.2 Meetinas
"

2.2.1 Resolution Meeting

Following the completion of the design criteria, plans and
specifications and this CQA plan, a meeting will be held to resolve any
uncertainties. The required attendees are: Project Manager and Design
Engineer/Inspector. The following items will be accomplished:

A. Provide each party with all relevant documents and supporting
information.

B. Review the design criteria, plans and specifications.
C. Review the CQA Plan.
D. Make any appropriate modifications to the design criteria,

plans and specification so that the fulfillment of all design
specifications or performance standards can be determined
through the implementation of the CQA Plan.

E. Make any appropriate modifications to the CQA plan to ensure
that it specifies all CQA activities that are necessary to
determine if design criteria, plans and specifications can be
measured.

The meeting will be documented by the Design Engineer/Inspector,
and minutes transmitted to all parties and made part of the CQA record.
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2.2.2 Initial Meeting

Following completion of the final design plans and specifications
for the project and selection of the contractors an initial meeting will
be held including the Project Manager, Design Engineer/Inspector,
Earthwork Contractor, and Installer. The following items will be
covered in the initial meeting:

A. Communicate to all parties any relevant documents.
B. Review critical design details of the project.
C. Review the seam layout drawing provided by the Installer.
D. Make any appropriate modification to the Quality Assurance

Plan.
E. Establish a final understanding on the Quality Assurance Plan

and quality control procedures.
F. Assign responsibilities of each party.
G. Decide the number of spare seaming units to be maintained on

site by the Installer (this number depends on the number of
seaming crews and on the type of seaming equipment).

H. Establish methods for documenting and reporting, and for
distributing documents and reports.

I. Establish rules for writing on the geomembrane, i.e., who is
authorized to write, what can be written and in which color.

J. Outline procedures for packaging and storing~archive samples.
K. Establish lines of authority and communication.
L. Prepare a time schedule for all operations.

The meeting will be documented by the Design Engineer/Inspector,
and minutes transmitted to all parties and made part of the CQA record.

2.2.3 Pre-Construction Meeting

The Pre-Construction Meeting will be held at the site. It will be
attended by the: Project Manager, Design Engineer/Inspector, Earthwork
Contractor and Installer. The following items will be accomplished:

A. Make any appropriate modification to the Quality Assurance
Plan.

B. Review the responsibilities of each party.
C. Review lines of authority and communication.
D. Review methods for documenting and reporting, and for

distributing documents and reports.
E. Review rules for writing on the geomembrane, i.e., who is

authorized to write, what can be written and in which color.
F.' Review the time schedule for all operations.
G. Conduct a site walk-around to verify that the design plans and

specifications are reasonable, and to review material storage
location. .

H. Review panel layout and numbering systems for panels and
seams.

I. Establish procedures for use of the extrusion welding
apparatus, if applicable.

J. Establish procedures for use of the fusion welding apparatus,
if applicable.
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K. Review seam testing procedures.
L. Review repair procedures.
M. Review seam and sheet inspection procedure.

The meeting will be documented by the Design Engineer/Inspector,
and minutes transmitted to all parties, and made part of the project CQA
record.

2.2.4 Progress Meetings

A progress meeting will be held each day at the work site. At a
minimum it will be attended by the Project Manager, Design Engineer/
Inspector and the construction contractor{s} currently working on the
project. At this meetin~ the following items will be accomplished:

A. Review the previous day's activities and accomplishments.
B. Review the work location and activities for the day.
C. Identify the contractor's personnel and equipment assignments

for the day.
D. Discuss any potential construction problems.

The meeting will be documented by the Design Engineer/Inspector and
made part of the project CQA record.

2.2.5 Problem or Work Deficiency Meetings

A special meeting may be held when and if a problem or deficiency
is present or likely to occur. At a minimum, the meeting should be
attended by the construction contractor{s}, the Design
Engineer/Inspector and the Project Manager. The purpose of the meeting
is to define and resolve the problem or recurring work deficiency in the
following manner:

A. Define and discuss the problem or deficiency.
B. Review alternative solutions.
C. Implement a plan to resolve the problem or deficiency.

The meeting will be documented by the Design Engineer/Inspector and
made part of the project CQA record.
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SECTION 3

QUALIFICATIONS OF PARTIES

Earthwork Contractor

A. Corporate background and information.
B. A list of at least ten completed projects involving the

movement of at least 5000 yd 3 of material. For each project,
the following information shall be provided:

1. Name and purpose of project, its location and date of
construction.

2. Name'of Owner.
3. Description of earthwork performed including quantities.
4. Available information on the performance of the project.
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3.2 HOPE Manufacturer

Prior to confirmation of any contractual agreements, the
Manufacturer shall submit the following written information:

A. Corporate background and information.
B. Manufacturing capabilities:

1. Information on plant size, equipment, personnel, number
of shifts per day and capacity per shift.

2. Daily production quantity available for this contract.
3. Quality control manual for manufacturing.
4. List of material properties including certified test

results, to which are attached geomembrane samples.

C. A list of at least ten complete facilities totaling a minimum
of 2,000,000 ft. 2 , for which the Manufacturer has manufactured
an HOPE geomembrane. For each facility, the following
information shall be provided:

1. Name and purpose of facility, its location and date of
installation.

2. Name of Owner, Project Manager, Designer, Fabricator (if
any), and installer.

3. Thickness of HOPE geomembrane, surface area of
geomembrane manufactured.

4. Available information on the performance of the lining
system and the facility.
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3.3 HPOE Fabricator

This section is not applicable if geomembrane rolls are not
fabricated into blankets in a factory.

The Fabricator shall be trained and qualified to fabricate HOPE
blankets from HOPE rolls. The Fabricator shall be a well established
firm able to provide sufficient fabrication capacity and qualified
personnel to meet the demands of the project. The Fabricator shall be
approved and/or licensed by the Manufacturer. A copy of the approval
letter(s) or license(s) shall be submitted by the Fabricator.

Prior to the confirmation of any contractual agreements, the
Fabricator shall submit the following written information:

A. Corporate background and information.
B. Fabrication capabilities:

1. Information on factory size, equipment, personnel, number
of shifts per day and capacity per shift.

2. Daily fabrication quantity available for this contract.
3., Quality control manual for fabrication.
4. Certified test results and samples of fabricated seams.

C. A list of at least ten completed facilities for which the
Fabricator has fabricated HOPE geomembrane blankets, totaling
a minimum of 2,000,000 ft. 2 • For each fabrication, the
following information shall be provided:

1. Name and purpose of facility, its location, and date of
installation.

2. Name of owner, project manager, designer, manufacturer,
and installer.

3. Thickness of HDPE geomembrane, surface area of
geomembrane fabricated.

4. Type of seaming and type of seaming apparatus used.
5. Available information on the performance of the lining

system and the facility.

3.4 HOPE Installer

The Installer shall be trained and qualified to install HOPE
geomembranes. The Installer shall be approved and/or licensed by the
Manu.facturer and/or Fabricator. A copy of the approval letter(s) or
license(s) shall be submitted by the Installer.

Prior to confirmation of any contractual agreements, the Installer
shall submit the following written information: '

A. Corporate background and information.
B. Installation capabilities:

1. Information on equipment and personnel.
2. Daily anticipated production.
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3. Quality control manual for installation.
4. Samples of field seams and certified test results.

C. A list of at least ten completed facilities, totaling a
minimum of 2,000,000 ft 2 for which the Installer has installed
an HOPE geomembrane. For each installation, the following
information shall be provided:

1. Name and purpose of facility, its location, and date of
installation.

2. Name of Owner, Project Manager, Designer, Manufacturer
and Fabricator (if any).

3. Name and qualifications of the supervisor(s) of the
Installer1s crew(s).

4. Thickness of geomembrane, surface area of the installed
geomembrane.

5. Type of seaming and type of seaming apparatus used.
6. Duration of installation.
7. Available information on the performance of the lining

system and the facility.

3.5 Review of Qualifications of Parties

The Design Engineer/Inspector will review and evaluate the data
submitted by the various parties and present its conclusions to the
Project Manager.
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SECTION 4

INSPECTION ACTIVITIES

4.1 General

This section addresses the inspection activities that are necessary
to ensure, with a reasonable degree of certainty, that the completed
facility meets the design criteria, plans and specifications. The first
subsection addresses general pre-construction activities applicabl~ to
all facility components. The subsequent subsections address each
facility component separately and are further subdivided into sections
on pre-construction, construction and post-construction inspection
activities unique to each component.

4.2 General Pre-Construction Activities

The Inspector will review the design drawings and specifications
for the project to make certain they will be understandable to the
inspection staff and the contractors. Any deficiencies or discrepancies
will be presented to the Design Engineer who will resolve them and issue
revised documents.

The initial meeting and the pre-construction meeting discussed in
Sections 2.2.2 and 2.2.3 will be held and documented.

Based on the qualifications and experience of the individual
contractors in working with the specific materials and equipment to be
used on this project, the Inspector will determine the amount of
supervision that will be required for each construction phase. This
determination will be subject to review and revision as construction
proceeds.

The individual product specifications (draft copies are included in
Attachment A) require certain submittals. Those which are required
before construction will be reviewed for completeness and conformance
with the specifications. Changes will be required for any items which
are not in conformance.

4.3 Grading of Crucible Wastes

The waste materials are being placed to the design grades, relative
to the "existing" grade, using strategically placed settlement plates
for grade control. Once the landfill closure project commences, some of
the Crucible wastes will have to be regraded because they pre-existed
the closure plan.

4.3.1 Pre-Construction

Pre-Construction activities for the waste grading will consist of
making sure the contractor understands the grading plan, and reviewing
his proposed construction procedures and schedule. The field personnel
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will be made aware of the many pipes that will be protruding from the
landfill surface (settlement plates and observation wells).

4.3.2 Construction

Continuous observation during waste grading operations will be
necessary to insure settlement plates and observation wells are not
inadvertently destroyed or damaged. Any such inadvertent damage will be
documented and appropriate actions ordered. Inspection activities
during waste grading will also include:

A. Surveys of depth and slope of excavation.
B. Specified compaction tests.
C. Observations to insure the removal of projections which could

penetrate the liner.

4.3.3 Post-Construction

Acceptance of the graded waste surface will require proof rolling.
Any weak spots will be repaired and proof rolled again. Additionally
the entire surface will be inspected for large protrusions which could
possibly penetrate the buffer layer and liner. If found they will be
buried or removed.

4.4 Placement of Buffer Layers

Two six-inch layers of buffer material will be placed on the graded
wastes prior to waiting for the settlement period.

4.4.1 Pre-Construction

Pre-construction activities for the buffer layer placement include:

A. Verify that the material sources meet the specifications.
B. Review proposed construction procedures and schedule.
C. Make certain field personnel are aware of the many pipes that

will protrude from the landfill surface (settlement plates and
observation wells).

4.4.2 Construction

During placement of the buffer layers, inspection activities will
include:

A. Verify that the materials being delivered meet the
requirements of the specifications.

B. Observe that the materials are placed to the specified
thicknesses.

C. Continuously observe construction activities to be certain the
subgrade is not damaged.

D~ Continuously observe construction activities to be certain
landfill penetrations are not damaged or destroyed.

E. Perform specified density tests on the compacted fill.
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4.4.3 Post-Construction

Since the closure plan calls for the buffer layer to sit for at
least one winter season while settlement of the subgrade occurs, a
detailed inspection of the surface will be required prior to final
acceptance. The amount of settlement which will occur is unknown. A
survey will be made and the results submitted to the design engineer to
determine if the final grades will be sufficient to receive the HOPE
membrane. The inspection will identify and document areas of weathering
or erosion which must be repaired. Uneven or adverse grades will be
discovered from the survey. Once all repairs and fine grading have been
completed the surface will be proof rolled one final time.

4.5 Drainage System

The landfill drainage system will consist of interior and perimeter
drainage swales at the landfill site and a series of pipes, ditches and
,energy dissipators necessary to convey site drainage to Onondaga Lake.
The drainage outfall must be in place prior to placement of the HDPE
liner. Only that portion of perimeter ditch for the section of landfill
being closed will be necessary. Drainage from uncovered portions of the
landfill will be excluded from the drainage outfall.

4.5.1 Pre-Construction

Pre-Construction activities for the drainage system include:

A. Review proposed construction procedures and schedule.
B. Review submitted materials for conformance with

spec ifi ca t ions.

4.5.2 Construction

Construction inspection activities for the drainage system include:

A. Observation of perimeter swale excavation to insure no
misplaced Crucible wastes are present.

B. Verify that excavated perimeter swale is an acceptable surface
for HDPE membrane line.

C. Survey to insure designed grades are accomplished.
D. Verify that delivered materials (pipes, precast structures,

granular materials) are in conformance with the
specifications.

E. Continuously observe to make certain buffer layer is not
damaged.

F. Observations and measurements to ensure that the pipes are
placed at specified locations and in specified configurations.

G. Observations and tests to ensure that all pipes are joined
together as specified.

H. Observations to ensure that the placement of any filter
materials around the pipe proceeds as specified in the design.

T. Observations and tests to ensure that backfillinQ and
compaction are completed as specified in the design ,and that,
in the process, the pipe is not damaged.
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4.5.3 Post-Construction

Post-Construction inspection of the drainage system will include:

A. Visual inspection of the pipe for true alignment and grade.
B. Survey of pipes and channels to insure that all system

components have been installed in proper location.

4.6 HOPE Flexible Membrane Liner

This is the most critical component of the landfill closure
project. Therefore the largest and most detailed inspection effort will
be spent on the HOPE Membrane Liner.

4.6.1 Pre-Construction

4.6.1.1 Panel Layout Plan

Verification of the panel layout plan is important because it will
serve as the control for many inspection activities. The panel and seam
numbers on this plan must coincide with those in the field to be able to
verify product and test results.

-

A.

B.

C.

Review the submittal panel layout plan for cpmpleteness
(Specification Section 02271 1.05A).
Verify that the submitted plan is current and is for the
specific project.
Require resubmittal if the plan is not approved.
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4.6.1.2 Raw Materials

Review the submittal information on Raw Materials (Section 02271
1.058) and insure that the submittals are complete and that they conform
to the product specifications (Specification Section 02271 2.01).

4.6.1.3 Manufacturing

A. Review the submittal information on the manufacturing process
(Specification Section 02271 1.0SC).

B. Verify that the properties guaranteed by the manufacturer meet
all the specifications.

C. Verify that the measurements of properties by the manufacturer
are properly documented and the test'methods used are
acceptable.

D.· Conduct a manufacturi ng pl ant vi sit pri or to or duri ng the
manufacturing of the HOPE Membrane rolls for this project.
During the plant visit the following will be accomplished:
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1. Review the manufacturing process, quality control,
1aboratory facil i ti es and testi ng procedures.

2. Verify that properties guaranteed by the Manufacturer
meet all specifications.

3. Verify that the measurements of properties by the
.Manufacturer are properly documented and test methods
used are acceptable.

4. Spot inspect the rolls and verify that they are free of
holes, blisters, or any sign of contamination by foreign
matter.

5. Review packaging and transportation procedures to verify
that these procedures are not damaging the geomembrane.

6. Verify that roll packages have a label indicating the
name of the manufacturer, type of geomembrane, its
thickness and roll number.

7. Verify that extrusion rods and/or beads are derived from
the same base resin type as the geomembrane.

A plant inspection report will be prepared and made part of the
project CQA record.

4.6.1.4 Fabrication Process

A. Delete this section if rolls are not fabricated into blankets
at a factory.

B. Review the submitted information of the fabrication process
(Specification Section 02271 1.05D).

C. Verify that the qualifications of the seaming personnel are in
accordance with the specifications. .

D. Verify that the fabricator1s quality control procedures are
adequate.

E. Review the quality control certificates and verify that:

1. Quality control certificates have been provided for all
blankets.

2. The test methods used are acceptable.
3. The measured properties meet the specifications.
4. Repairs are well documented.

F. Conduct a fabri cati on factory vi s it pri or to or dlJri ng the
fabrication of the HOPE Membrane for this specific project.
During the factory visit the following will be accomplished:

1. Review the fabrication process.
2. Verify all quality control procedures, such as

non-destructive and destructive seam testing procedures,
repair procedures, and documentation procedures for
testing and repair.

3. Review testing facilities of the Fabricator.
4. Spot inspect the blankets and verify that they are free

of holes, blisters, any sign of contamination by foreign
matter, or improper patches or re-welds.

5. Review packaging and transportation procedures to verify
that these procedures are not damaging the geome~brane.
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6. Verify that the blanket packages have a label indicating
name of Fabricator, type of geomembrane, dimension and
blanket number.

7. Verify that extrusion rods and/or beads are derived from
the same base resin type as the geomembrane.

A fabrication factory inspection report will be prepared by the
Design Engineer/Inspector and made a part of the project CQA record.

4.6.1.5 Transportation Handling and Storage

A. Verify that the provisions of Specification Section 02271 3.03
A and B are followed.

B. Observe the surface inspection (Specification Section 02271
3.03C) and document any damaged rolls or blankets. Classify
any damaged packages as rejected or repairable.

C. Verify that the materials are properly stored (Specification
Section 02271 3.030).

4.6.1.6 Installation Process

A. Review the submitted information on the installation process
(Specification Section 1.05 E).

B. Verify that the qualifications of the seaming personnel are in
accordance with the specifications.

C. Verify that the proposed construction procedures are adequate.

4.6.2 Construction

4.6.2.1 Earthwork

A. Obtain a certificate of acceptance (as required by
Specification Section 02271 1.05 E) from the installer.

B. Throughout the membrane installation continuously observe the
subsurface to insure it remains adequate. Any changes will
require repairs.

C. Verify that the anchor trench is according to the
specifications and that no more trench is opened than required
for a day's membrane installation. .

4.6.2.2 Geomembrane Placement

A. Verify that the paneling numbering system agrees with the
panel layout plan.

8. Verify membrane thickness of every panel. Take thickness
measurements at appropriate intervals across the panel width
and periodically along the 'panel length. Take thickness
measurements across the panel width at any point where the
panel has been cut.

C. Verify that the panels are located as indicated on the layout
plan.

O. On a continuous basis evaluate the installation schedule and
installer-proposed changes in light of varying weather
conditi ons.
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E. Verify that the condition of the supporting soil is adequate
on the day of membrane placement.

F. Record the date of installation of each panel.
G. Verify that the specified (Specification Section 02271 3.05 C)

weather conditions are met.
H. Verify that the specified (Specification Section 02271 3.05 D)

placement procedures are employed.
I. Inspect each panel after placement and prior to seaming for

damage. Document the defects and classify as rejected or
repairable.

J. Verify that the rejec~ed panels are removed and replaced and
that the repairable defects are repaired.

4.6.2.3. Field Seaming

A. Verify that the conditions of the specifications regarding
overlapping and temporary bonding (Specification Section 02271
3.06 B) a,re met.

B. Record the weather conditions and verify that they are
appropriate for seaming (Specification Section 02271 3.06 C).

C. Verify that the seams are prepared according to the
specifications (Specification Section 02271 3.06 D).

D. Verify that the seaming apparatus, procedures and equipment
are as specified (Specification Section 02271 3.06 E or F) and
the same as approved (Specification Section 02271 1.05 E4).

E. Log ambient temperatures, seaming apparatus temperatures,
geomembrane surface temperatures, extrudate temperature (if
applicable) and seaming apparatus pressures (if applicable) at
appropriate intervals.

F. Observe and document each test seam procedure (Specification
Section 02271 3.07 A). Document the test samples.

G. Verify that the seams are made in accordance with the
specifications (Specification Section 02271 3.06 H) and the
approved submittal.

H. Observe all non-destructive seam continuity testing.

1. Record location, date, test unit number, name of tester
and outcome of testing.

2. Document and mark on the membrane the location of all
required repairs.

3. Observe the repair and retesting of the repair.
4. Mark on the membrane that the repair has been made.
5. Document the results.

I. Observe all seams and cap seams which are located where
non-destructive continuity testing cannot be done.

4.6.2.4 Destructive Seam Strength Testing

A. Within the limits of the specifications predetermine a
destructive seam strength testing plan.

1. At least one test per 500 feet of field seam.
2~ Allow for intuitive locations (where the inspector feels

the seam integrity is suspect).
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4.6.2.5 Membrane Penetrations

E. Verify that procedures for destructive test failure
(Specification Section 02271 3.06 K and L) are followed.

4.6.3.1 Geomembrane Inspection

A. Prior to inspection the Installer shall clean the geomembrane
to the satisfaction of the Inspector.

As seaming progresses determine additional test locations
based on suspicion of excess crystallinity, contamination,
offset welds, or any other cause of imperfect welding.
During sampling procedure.

1. The basic criteria is that any seam segment must be
bounded by two successful tests.

2. Observe all repair procedures.
3. Document all actions taken in conjunction with

destructive test failures.

1. Observe sample cutting.
2. Verify that specified procedures (Specification Section

02271 3.06 J2) are followed.
3. Assign a number to each sample and mark it accordingly.
4. Record sample location on layout drawing.
5. Record the reason for taking the sample at this location

(i.e., statistical routine or suspicious feature).
6. Witness all field tests.
7. Log the date, time, ambient temperature, number of

seaming unit, name of seamer, welding apparatus
temperatures and pressures, and pass or fail description.

8. Verify that all holes are repaired and non-destructively
tested as specified.

D. Laboratory Testing

1. Package and ship destructive test samples to the
independent laboratory in a manner which will not damage
the test sample.

2. Package and store the archival samples.
3. Laboratory test shall include "Seam Strength" and "Peel

Adhesion" using specified tests.
4. Review independent laboratory tests and installer's

laboratory tests (Specification Section 02271 1.05 E5) as
soon as they become available.

5. Recommend course of action based on test results.

A. Verify that all penetrations are constructed in accordance
with the plans.

B. Observe and document all penetration seam non-destructive
testing.

4.6.3 Post-Construction
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B. The Inspector will perform a visual inspection of all seam and
non-seam areas of the installed geomembrane. The Inspector
will document and mark on the 'geomembrane all suspected
defects, holes, blisters, undispersed raw materials and any
sign of contamination by foreign matter.

C. The Inspector will observe the non-destructive testing of each
suspected defect and document the results.

D. Each failed area will be marked on the geomembrane and slated
for repair.

4.6.3.2 Geomembrane Repair

A. All identified defects shall be repaired as specified.
(Specification Section 02271 3.08 C, D and E).

B. Inspector shall verify that the specified procedures are
followed.

C. All patches will be numbered and logged.
O. Inspector, will document all activities relative to repair

procedures.
E. Inspector will observe and document all non-destructive

testing and retesting of repairs. Documentation will include
patch number, date, name of patcher and test outcome.

4.6.3.3 Geomembrane Acceptance and Certification

The Inspector shall verify that all elements of the geomembrane
installation are complete including:

A. The installation is complete.
B. All required submittals have been received and reviewed.
C. Verification of the adequacy of all field seams and repairs,

including associated testing, is complete.
D. Certification, including lias-built" drawings(s), sealed by a

registered professional engineer has been sUbmitted.

4.7 Drainage Layer

A six-inch layer of granular material will be placed over the HOPE
geomembrane to convey incident precipitation which infiltrates the cover
layer to the drainage swales. This layer is also the first part of the
protective cover for the geomembrane.

4.7.1 Pre-Construction

Pre-Construction activities for the drainage layer include:

A. Verify that the material sources meet the specifications.
B. Review proposed construction procedures and schedule.
C. Make certain that field personnel are aware of the special

precautions that are necessary when working near the exposed
HOPE geomembrane.

D. Make certain field personnel are aware of the many pipes that
will protrude from the landfill surface (settlement plates and
observation wells).
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4.7.2 Construction

To reduce the potential settlements a minimal thickness drainage
material has been designed. It is important therefore that the
inspection staff and construction personnel exercise care and caution
when placing the material on the HOPE Membrane.

Inspection activities for the placement of the drainage layer
include:

A. Verify that the materials being delivered meet the
requirements of the specifications.

B. Verify that material is being placed to the required
thickness.

C. Verify that ambient temperatures are not below 40°F nor above
104°F.

O. Verify that equipment used for placing granular material shall
not be driven directly on the geomembrane.

E. Inspector will continuously observe the spreading operation
and work with the machine operator as a "wa tcher" to insure
the equipment does not come in contact with the HOPE Membrane.

F. Verify that a minimum thickness of 31 of granular material is
placed in heavily trafficked areas such as access ramps,
haul roads and turn around areas.

G. Verify that the specified compaction requirements are met.

4.7.3 Post-Construction

A. Verify that the required material thickness has been achieved.
B. Inspect the graded surface for signs of potential membrane

failure and investigate.
C. Verify that rain or wind has not disturbed the surface prior

to placement of the upper soil layer.

4.8 Geotextile

A plastic filter fabric has been designed to act as a filter
between the drainage layer and the surface layer of granular material in
the internal drainage swales where infiltrated water will be discharged
to the surface drainage system.

4.8.1 Pre-Construction

A. Verify that the proposed materials are on the New York State
approved lists under the specified subheading.

B. Review the proposed construction procedures and schedule.
C. Verify that the surface to receive the geotextile has been

prepared satisfactorily.

4.8.2 Construction

A. Examine the rolls upon delivery and verify that they are
properly labeled and not damaged.

B. Verify that the labels indicate the same material has been
supplied as submitted.
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C. Verify that handling and placement is accomplished in
accordance with specifications (Specification Section 02275
3.04).

D. Verify that seams and overlaps are as specified (Specification
Section 02275 3.05).

4.8.3 Post-Construction

A. Inspect the finished surface for tears or other defects.
B. Document defects and order repairs.
C. Observe repairs and verify they are in accordance with

specification (Specification Section 02275 3.06).
D. Observe the placement of cover materials and verify that they

are placed in conformance with specifications (Specification
Section 02275 3.07).

4.9 Vegetative Support Layer

The 18 inch vegetative support layer will provide protection for
the drainage layer and support vegetation which will provide further
protection and an acceptable aesthetic environment.

4.9.1 Pre-Construction

A. Verify that soil source meets specifications.
B. Review proposed construction procedures and schedules.
C. Determine if soil will require fertilization.
D. Make field personnel aware of the many pipes that'will be

protruding from the landfill surface (Settlement plates and
observation wells).

4.9.2 Construction

A. Verify that soil delivered to the site meets the
specifications.

B. Observe placement activities.
C. Insure that no damage is done to underlying layers.
D. Verify that weather conditions are appropriate.
E. Verify that placement depth and compaction meet the

specifications.
F. Verify that seed and fertilizer (if any) materials meet the

specifications.
G. Insure that seed and fertilizer are applied at the specified

rate and in the specified manner.

4.9.3 Post-Construction

A. Inspect completed cover for any visual indication of failures.
B. Inspect the completed cover after one year for visual

indication of failures and condition of vegetation.
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SECTION 5

5.2.1 Daily Summary Report

A summary report will be prepared by the Design Engineer/Inspector
which will provide a chronologie framework for identifying and recording
all other reports. The reports will include the following:

5.2 Daily Record Keeping

The Design Engineer/Inspector will prepare a daily summary report
and attach supporti'ng inspection data sheets, meeting minutes, problem
identification reports, and corrective measure reports.

DOCUi~ENTATION

General5. 1

A. Unique identifying sheet number for cross-referencing and
document control.

B. Date, project name, location and other identification.
C. Data on weather conditions.
D. Reports on any meetings held and their results, or cross

reference to meeting minutes file.
E. Unit processes, and locations, of construction underway during

the time frame of the daily summary report.
F. Equipment and personnel being worked in each unit process,

including subcontractors.
G. Descriptions of areas or units of work being inspected and

documented.
H. Description of offsite materials received, including any

quality verification (vendor certification) documentation.
I. Calibrations, or recalibrations, of test equipment, including

actions taken as a result of recalibration.
J. Decisions made regarding approval of ~nits of material or of

work, and/or corrective actions to be taken in instances of
substandard quality.

K. Unique identifying sheet numbers of inspection data sheets
and/or problem reporting and corrective measures reports used
to substantiate the decisions described in the preceding item.

L. Signature of the Inspector in charge.

The eQA record keeping will result in a final eOA report which will
conta oj n copi es of all CQA documents. The primary purpose of the fi na 1
documentation is to maintain confidence in the constructed facility
through written evidence that the CQA plan was implemented as proposed
and that construction proceeded in accordance with project design
criteria, plans and specifications.
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5.2.2 Inspection Data Sheets

All observations, and field and/or laboratory tests, should be
recorded on an inspection data sheet. Recorded observations may take
the form of notes, charts, sketches, photographs, or any combination of
these. For each type of inspection activity a data sheet will be
developed which will include the following as well as items specific to
the test or observation being conducted.

A. Unique identifying sheet number for cross-referencing and
document control.

B. Description or title of the inspection activity.
C. Project identification.
D. Date of sample and date of test performance if different.
E. Location of the inspection activity or location from which the

sample increment was obtained.
F. Type of inspection activity; procedure used (reference to

standard method when appropriate).
G. Recorded observation or test data, with all necessary

calculations.
H. Results of the inspection activity; comparison with

specification requirements.
I. Personnel involved in the inspection activity.
J. Signature of the appropriate inspection staff member and

concurrence by the Inspector in charge.

Samples of Inspection Data Sheets to be used for the HDPE Membrane
Liner inspections are included in Attachment B.

5.2.3. Problem Identification and Corrective Measures Reports

A problem is defined herein as material or workmanship that does
not meet the design criteria, plans and specifications. Problem
Identification and Corrective Measures Reports will be cross-referenced
to specific inspection data sheets where the problem was identified.
They will include the following information:

A. Unique identifying sheet number for cross-referencing and
document control.

B. Project Identification.
C. Date of report.
D. Detailed description of the problem.
E. Location of the problem.
F. Probable Cause.
G. How and when the problem was located (reference to inspection

data sheets)
H. Estimation of how long problem has existed.
I. Suggested corrective measure.
J. Documentation of correction (reference to inspection data

sheets) ..
K. Final results.
L. Suggested methods to prevent similar problems.
M. Signature of the appropriate inspection staff member and

concurrence by the Inspector in charge.

5-2



l
-j

-~

-I
-1
-1
~J

-I
-l
-J
.)

-I
-J
-1

~. ~

~J

./

-J
-J

5.3 Photographic Record Keeping

Photographs will serve as a pictorial record of work progress,
problems and corrective measures. They will be of both the instant and
the processed variety. Each photograph will be labeled with the
following information:

A. A unique identifying number for cross-referencing and document
control.

B. Project Identification.
C. The date, time and location where the photograph was taken and

weather conditions.
D. The size, scale and orientation of the subject matter

photographed.
E. Location and description of the work.
F. The purpose of the photograph.
G. Signature of the photographer.

The photographs will be kept in a permanent protective file in the
chronological order in which they were taken. The basic file will
contain prints; negatives will be stored in a separate file in
chronological order.

Photograph logs will also be kept as a catalog of the photographs.
The log will contain the following information:

A. Unique identifying number on each sheet of the log for
cross-referencing and document control.

B. Project identification.
C. Photograph identification number.
D. Date of each photograph.
E. Brief description of the subject of the photograph. More

detailed information is on the back of each photograph.
F. Signature of the Inspector in charge.

The photograph logs will be included in the final CQA report. The
Photograph prints and negatives will be stored with the final report
original documents.

5.4 Final Documentation

The Design Engineer/Inspector will assemble all of the CQA
documentation into a final CQA report. This report will be certified
correct by the Design Engineer/Inspector and reviewed and signed by the
Contractors and Project Manager. A copy will be submitted to the
Approval Agency.

5.5 Storage of Records

During construction all CQA documents will be kept by the Design
Engineer/Inspector either at the site or at his offices. This includes
originals of all data sheets, reports and facility drawings. Upon
completion of the project and the final CQA report, the documents will
be kept by Crucible's Environmental and Energy Engineer at the
production facility. An additional copy will be submitted to the
Approval Agency.
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ATTACHMENT A

PRELIMINARY TECHNICAL SPECIFICATIONS



1.01 WORK INCLUDED

-
..

PART 1 GENERAL

SECTION 02271

FLEXIBLE GEOMEMBRANE LINER

A. Manufacture, fabrication and installation of flexible
geomembrane liner.

1.02 RELATED WORK

A. Section 03300 - Cast-In-Place Concrete.

1. 03 REFERENCES

A. ASTM 0413-82 "Test Methods for Rubber Property - Adhesion to
Flexible Substrate".

B. ASTM 0638-84 "Test Method for Tensile Properties of
Plastics".

ASTM 01505-68 "Test Method for Density of Plastics by the
(1979) Density - Gradient Technique".
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C.

D.

E.

F.

G.

H.

1.

J .

K.

L.

ASTM 0746-79

ASTM 0792-66
(1979)

ASH1 01004-66
(1981)

ASTM 01204-84

ASTM 01238-82

ASTM 01593-81

ASTM 01603-76
(1983 )

ASTM 01693-70
(1980)

ASTM 03015-72
(1978)

-

"Test Method for Brittleness Temperature of
Plastics and Elastomers by Impact ll

•

"Test ~1ethod for Specific Gravity and Density
of Plastics by Oisplacement ll

•

IITest Method for Initial Tear Resistance of
Plastic Film and Sheeting ll

•

"Test Method for Linear Dimensional Changes for
Nonrigid Plastic Sheeting or Film at Elevated
Ternperatllre ll

•

"Test Method for Flow Rates of Thermoplastics
by Extrusion Polymer".

IISpec ification for Nonrigid Vinyl Chloride
Plastic Sheeting".

"Test Method for Carbon Black in Olefin
Plastics".

"Test Method for Environmental Stress - Cracking
of Ethylene Plastics".

"Recommended Practice for Microscopical Examina
tion of Pigment Dispersion in Plastic
Compounds".



SECTION 02271

1.03 REFERENCES (Continued)
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PART 1

FLEXIBLE GEOMEMBRANE LINER

GENERAL (Continued)

-
M. ASTM 03083-76

(1980)
"Specification for Flexible Poly (Vinyl
Chloride) Plastic Sheeting for Pond, Canal and
Reservoir Lining".
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N. FMTS 101 8/2065 Federal Test Methods Standards.

O. National Sanitation Foundation (NSF), "Standards for Flexible
Membrane Liners", Standard 54.

1.04 QUALITY ASSURANCE

A. Follow the requirements of the Construction Quality Assurance
Plan.

1. 05 SUBMITTALS

A. Panel Layout Plan

1. Layout and dimension for each panel in the structure.

2. Label for each panel

3. Differentiate between fabricated and field seams.

B. Raw Materials

1. Origin (Resin Supplier's name, resin production plant),
identification (brand name, number) and production date
of the High Density Polyethelene (HOPE) resin.

2. Copy of quality control certificates issued by the HOPE
Resin Supplier.

3. Reports on the tests conducted by the Manufacturer to
verify the quality of the HOPE resin used to manufacture
the geomembrane rolls assigned to the considered
facil ity .

4. Statement that no reclaimed polymer is added to the
resin .

C. Manufacturing Process

1. Properties sheet including at least all specified
properties, measured using the specified test methods.

2. Sampling procedure and results of testing.



1.05 SUBMITTALS (Continued)

C. Manufacturing Process (Continued)

3. Statement that property values given in the properties
sheet are guaranteed by the Manufacturer.
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PART 1

SECTION 02271

FLEXIBLE GEOMEMBRANE LINER

GENERAL (Continued)

4. Quality control certificate for each shift's production.
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D.

a. Signed by responsible party employed by
manufacturer.

b. Roll numbers and identification.
c. Sampling procedures and results of quality control

tests; as a minimum, thickness t tensile strength,
and tear resistance, conducted with the specified
methods.

Fabrication Process (if fabrication is proposed)

1. Narrative of proposed seaming process (extrusion or
fusion), including make and model number of equipment to
be used.

2. List of proposed seaming personnel and their professional
records.

3. For the extrusion process .

a. Certification that the extrudate is compatible with
the specifications.

b. Quality control records.
1. Apparatus temperatures.
2. Extrudate temperatures.
3. Ambient temperatures.

4. For the fusion process.

a. Quality Control Records.
1. ~lbient temperature.
2. Apparatus temperatures and pressures.

5. Certification that the membrane rolls are overlapped as
specified.

6. Certification that the procedure used to temporarily bond
adjacent rolls together does not damage the geomembrane .

7. Certification that no solvent or adhesive is used.



SECTION 02271

1.05 SUBMITTALS (Continued)

F. Certification, including "as-built" drawings sealed by a
professional engineer registered in the State of New York.

PART 2 PRODUCT

2.01 RAW MATERIALS

1.19/10 min.

0.93

FLEXIBLE GEOMEMBRANE LINER

GENERAL (Continued)

2. Melt Index

1. Specific Gravity

1. Certification by installer that surface is
acceptable.

2. Proposed installation schedule.
3. List of proposed seaming personnel and their professional

records.' .
4. Narrative of proposed seaming process (extrusion or

fusion) including make and model number of equipment to
be used. .

5. Results of installers destructive seam strength
laboratory testing.

a. Signed by a responsible party employed by
fabricator.

b. Blanket numbers and identification .
c. Results of quality control tests including sampling

procedures.
d. Documentation of repairs and non-destructive testing

of the repairs.
E. Installation Process.

D. Fabrication Process (if fabrication is proposed) (Continued)

8. Quality Control Certificate for each shift's production
of blankets.

A. New, first-quality resin, designed and manufactured
specifically for the intended purpose.

B. The HOPE resin shall meet the following specifications:

(ASTM 0792
Method A, or
ASTM D1505)

(ASTM D1238
Condition E)

C. Reclaimed polymer shall not be added to the resin (however,
the use of polymer recycled during the manufacturing process
shall be permitted if done with appropriate cleanliness and if
recycled polymer does not exceed 2% by weight).

PART 1
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Contain carbon black for ultra-violet light resistance.

PROOUCT (Continued)

Not have striations, roughness, pinholes or bubbles on the
surface.

Unreinforced high density polyethylene (HOPE) containing 3%
by weight maximum additives, fillers or extenders.

60 mil s + 10%

(ASTM 0638) 225 lb/in

(continuous
physical or
ASTM 01593
para. 8.1.3)

(ASTM 0638) 1201b/in

(ASTM 0638) 10%

(ASTM 0638) 500%

(ASTM 0638) 100,000 psi

(ASTM 01004 40 lb
Die C)

(FTMS 101 60 lb
B/20 65)

(ASTM 03083 as 10%
modi f.i ed in
NSF Appendix A)

(ASTM 01204, 3%
212°F, 15 min.)

SECTION 02271

FLEXIBLE GEOMEMBRANE LINER

1. Sheet thickness

Free of holes, blisters, undispersed raw materials, or any
sign of contamination by foreign matter.

Meet or exceed the following specifications.

2. Force per unit width at
yield

3. Force per unit wi dth at
break

4. Elongation at yield

5. Elongation at break

6. Modulus of elasticity

7. Tear resistance

8. Puncture resistance

9. Resistance to soil
burial Maximum change

10. Dimensional Stabil ity
(each direction)
Maximum change

E.

A.

B.

C.

D.

PART 2

2.02 ROLLS
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2.03 PANELS

E. Meet or exceed the following specifjcations. (Continued)

A. The geomembrane shall be supplied as blankets or in rolls. A
panel is the unit area of geomembrane which is to be seamed in
the field. Two cases can be considered:

2000 hours

SECTION 02271

FLEXIBLE GEOMEMBRANE LINER

PRODUCT (Continued)

II. Environmental Stress (ASTM 01693 as
Crack modified in

NSF Appendix A)

12. Low Temperature (ASTM 0746
Brittleness Procedure B)

13. Carbon Black Content (ASTM 01603) 2 - 3%
(by weight)

14. Carbon Black Dispersion (ASTM 03015) A-I

PART 2

2.02 ROLLS
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2.04 FABRICATED SEAMS AND FIELD SEAMS

D. Labels shall be consistent with the layout plan.

B. Panel size shall be determined by approved layout plans
showing layout and dimensions of panels in the structure.

A. Fabricated seams (if applicable) and field seams shall meet
the following specification.

120 lb/in and
Film Tear Bond

(ASTM 03083 as
modified in NSF
Appendix A)

1. Seam Strength
(at yield point)

2. If the geomembrane is fabricated into blankets in a
factory, a panel is a blanket or a portion of blanket cut
in the field.

1. If the geomembrane is not fabricated into blankets in a
factory, a panel is a roll or a portion of roll cut in
the field.

C. Labels on each roll or blanket shall identify the thickness of
the material, the length and width of the roll, the
manufacturer and directions to unroll the material.
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3.02 BLANKET FABRICATION

A. Perform quality control procedures on raw materials.

B. Requirements of personnel performing seaming.

B. Perform quality control procedures on manufactured products.

(ASTM 0413 or ASTM Film Tear Bond
0638 as modified in
NSF Appendix A)

SECTION 02271

FLEXIBLE GEOMEMBRANE LINER

Peel Adhesion

PRODUCT (Continued)

2.

(Both tests shall be run on 5 replicate specimens. To be
acceptable, 4 out of the 5 replicates must pass the seam
strength and peel adhesion criteria.)

1. Must be qualified by experience or pass seaming tests.
2. At least one seamer shall have experience seaming a

minimum of 1,000,000 ft. 2 of HOPE geomembrane using the
same type of seaming apparatus to be used to fabricate
the geomembrane for this project.

3. The most experienced seamer, the "mas ter seamer", shall
provide direct supervision over less experienced seamers.

B. Approved fabricating and field seaming processes are extrusion
welding and fusion welding.

C. Resin used for extrusion welding shall be HOPE produced from
the same resin as the geomembrane. Physical properties shall
be the same as those of the resin used in the manufacture of
the HOPE geomembrane.

A. Delete 3.02 if rolls are not fabricated into blankets in a
factory.

C. Label rolls as specified in 2.03 C and D.

PART 2

2.04 FABRICATED SEAMS AND FIELD SEAMS (Continued)

PART 3 EXECUTION

3.01 MANUFACTURE
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D. Seaming by the Fusion Process.

C. Seaming by the Extrusion Process.

3.02 BLANKET FABRICATION (Continued)
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PART 3

SECTION 02271

FLEXIBLE GEOMEMBRANE LINER

EXECUTION (Continued)

1. Use welding apparatus equipped with gauges giving the
extrudate temperature in the apparatus and at the nozzle.

2. Follow quality control procedures.
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1. Apparatus must be automated vehicular-mounted devices
which produce a double seam with an enclosed space.

2. Apparatus shall be equipped with gauges giving the
applicable temperatures and pressures.

3. Follow quality control procedures.

E. Weather Conditions for Seaming.

1. No seaming shall be attempted below 5°C (40°F) nor above
40°C (104°F).

2. Between 5°C (40°F) and 10°C (50°F), seaming is possible
if the geomembrane is preheated by either sun or hot air
device, and if there is no excessive cooling.

3. Above lo oe (50°F), no preheating is required.
4. In a11 cases, the geomembrane sha11 be dry and protected

from wind damage.

F. Perform test strip process as specified in 3.07 A.

G. Overlapping and Temporary Bonding.

1. Minimum Overlap.
a. extrusion process - 3 inches
b. fusion process - 5 inches

2. Temporary bonding methods shall not damage the
geomembrane.

3. No solvent or adhesives shall be used.

H. Non destructively test all fabricated seams over their full
length in accordance with 3.07 B.



3.04 EARTH WORK

3.03 TRANSPORTATION HANDLING AND STORAGE

J. Repa irs

I. Destructive Seam Strength Testing.

SECTION 02271

FLEXIBLE GEOMEMBRANE LINER

EXECUTION (Continued)

1. Perform in accordance with Section 3.08.
2. Document each repair by location and type.
3. Non destructively test all repairs in accordance with

Section 3.07 B.

1. Perform destructive seam strength tests on two samples
per blanket.

2. Samples taken from beginning or end of blanket seams such
that blanket is not damaged and blanket geometry is not
altered.

3. Fabricator to choose and document sample location.
4. Sample size: 11 x 11 with seam centered.
5. One half sample for testing and one half submitted to

owner (for archival) with documentation.

A. Handling equipment shall not pose any risk of damage to the
geomembrane.

B. Handle geomembrane with care.

C. Conduct surface inspection of all rolls or blankets for
defects or damage.

1. without unrolling rolls or unfolding blankets unless
defects or damages are found or suspected.

D. Storage space shall be protected from theft, vandalism,
passage of vehicles, dirt, shock and other sources of damage.

PART 3

3.02 BLANKET FABRICATION (Continued)
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A. Inspect surface on which the geom~mbrane will be installed and
certify that it is acceptable, including anchorage trench.
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B. After initial acceptance identify any change in the supporting
soil condition that may require repair work.



C. ' Weather Conditions.

3.05 GEOMEMBRANE PLACEMENT

B. Place according to layout plan and schedule.

A. Each panel shall be given an "identification code" consistent
with the layout plan.

1. As simple and logical as possible.
2. Prepare table or chart showing correspondence between

blanket or roll numbers and panel identification code.

SECTION 02271

FLEXIBLE GEOMEMBRANE LINER

EXECUTION (Continued)

1. Equipment used shall not damage the geomembrane by
handling, trafficking, leakage of hydrocarbons or other
means.

2. All personnel working on the geomembrane shall not smoke,
wear damaging shoes, or engage in other activities which
could damage the geomembrane.

3. The method used to unroll the panels shall not cause
scratches or crimps in the geomembrane and shall not
damage the supporting soil.

4. Minimize wrinkles (especially differential wrinkles
between adjacent panels).

5. Place adequate loading (e.g., sand bags, tires), not
likely to damage the geomembrane, to prevent uplift by
wind (in case of high winds, continuous loading is
recommended along edges of panels to minimize risk of
wind flow under the panels).

1. In general, seams should be oriented parallel to the line
of maximum slope, i.e, oriented along, not across, the
slope.

2. In corners and odd-shaped geometric locations, the number
of field seams should be minimized.

3. No horizontal seam should be less than 5' from the toe of
the slope.

1. Geomembrane placement shall not proceed at an ambient
temperature below 5°C (40°F) or above 40°C (105°F) unless
otherwise specified.

2. Geomembrane placement shall not be done during any
precipitation, in the presence of excessive moisture
(e.g., dew), in an area of ponded water, or in the
presence of excessive winds, as determined by the
Inspector.

D. Pl acement

PART 3
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SECTION 02271

3.06 FIELD SEAMING

3.05 GEOMEMBRANE PLACEMENT

D. Placement (Continued)

FLEXIBLE GEOMEMBRANE LINER

EXECUTION (Continued)

A. Requirements of Personnel

1. ~Iust be qualified by experience or by successfully
passing seaming tests.

2. At least one seamer shall have experience seaming a
minimum of 1,000,000 ft. 2 of HOPE geomembrane using the
same type of seaming apparatus in use at the site.

3. The most experienced seamer, the "master seamer", shall
provide direct supervision, as required, over less
experienced seamers.

4. No field seaming shall take place without the master
seamer being present.

6. Minimize direct contact with the geomembrane. Protect
the geomembrane in traffic areas by geotextiles, extra
geomembrane, or other suitable materials.

B. Overlapping and Temporary Bonding.

1. Minimum Overlap.
a. Extrusion process - 3 inches
b. Fusion process - 5 inches

2. Temporary bonding methods shall not damage the
geomembrane.

3. No solvent or adhesives shall be used.

C. Weather Conditions for Seaming.

1. No seaming shall be attempted below SOC (40°F) nor above
40 0 e (l04°F).

2. Between soe (40°F) and 100 e (50°F), seaming is possible
if the geomembrane is preheated by either sun or hot air
devices, and if there is not excessive cooling resulting
from wind (as determined by the Inspector).

3. Above 10 0 e (50°F), no preheating is required.
4. In all cases, the geomembrane shall be dry and protected

from wind damage.

PART 3

-l
-1
-I
-1
-j

-"1
-I
- -\

- -1

- -1

-r
-1
-J
-]

- ~
}

-j
.J

- .1

- .i

- J



E. Seaming by the Extrusion Process.

3.06 FIELD SEAMING (Continued)

D. Seam Preparation.

1. Prior to seaming, the seam area shall be clean and free
of moisture, dust, dirt, debris of any kind, and foreign
material.

2. If seam overlap grinding is required, the process shall
be completed according to the Manufacturer1s instructions
and in a way that does not damage the geomembrane or
cause removal of less than minimum thickness.

3. Seams shall be aligned with the fewest possible number of
wrinkles and IIfishmouths ll

•

1. Use welding apparatus equipped with gauges giving the
temperature in the apparatus and at the nozzle.

2. Follow quality control procedures.
3. Maintain on-site the number of spare operable seaming

apparatus decided at the Initial Meeting~

4. Use equipment that is not likely to damage the
geomembrane .

5. Purge the extruder prior to beginning a seam until all
heat degraded extrudate has been removed from the barrel.

6. Place the electric generator on a smooth base such that
no damage occurs to the geomembrane.

7. Place a smooth insulating plate or fabric beneath the
welding apparatus after usage.

8. Protect the geomembrane from damage in heavily trafficked
areas.

SECTION 02271

FLEXIBLE GEOMEMBRANE LINER

EXECUTION (Continued)

F. Seaming by the Fusion Process

1. Apparatus must be automated vehicular-mounted devices
which produce a double seam with an enclosed space.

2. Apparatus shall be equipped with gauges giving the
applicable temperatures and pressures.

3. Follow quality control procedures.
4. Maintain on-site an adequate number of spare operable

seaming apparatus.
5. Use equipment that is not likely to damage the

geomembrane.
6. For cross seams, grind the edge of the cross seams to a

smooth incline (top and bottom) prior to welding.
7. Place the electric generator on a smooth base such that

no damage occurs to the geomembrane. .
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H. General Seaming Procedure.

G. Perform test strip process as specified in 3.07 A.

F. Seaming by the Fusion Process (Continued)

3.06 FIELD SEAMING (Continued)

SEcn ON 02271

FLEXIBLE GEOMEMBRANE LINER

EXECUTION (Continued)

1. For fusion welding, a movable protective layer of plastic
may be required, as recommended by the Inspector, to be
placed directly below each overlap of geomembrane that is
to be seamed. This is to prevent any moisture buildup
between the sheets to be welded.

2. Seaming shall extend·to the outside edge of panels to be
placed in the anchor trench.

3. If required, a firm substrate shall be provided by using
a flat board, a conveyor belt, or similar hard surface
directly under the seam overlap to achieve proper
support.

4. Fishmouths or wrinkles at the seam overlaps shall be cut
along the ridge of the wrinkle in order to achieve a flat
overlap. The cut fishmouths or wrinkles shall be seamed
and any portion where the overlap is inadequate shall
then be patched with an oval or round patch of the same
geomembrane extending a minimum of 611 beyond the cut in
a11 di recti ons.

8. Place a smooth insulating plate or fabric beneath the hot
welding apparatus after usage.

9. Protect the geomembrane from damage in heavily trafficked
areas.

10. Use a movable protective layer as required by the
Inspector directly below each overlap of geomembrane that
is to be seamed to prevent buildup of moisture between
the sheets.
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I. Non-destructively test all field seams over their full length
in accordance with 3.07 B.

1. Testing shall proceed immediately after each seam has
been made not after all seams are complete.

2. Where seams cannot be non-destructively tested.
a. Cap-strip the seam with the same geomembrane.
b. If the seam is accessible to testing equipment prior

to final installation, the seam shall be
non-destructively tested prior to final
installation.



3.06 FIELD SEAMING (Continued)

J. Destructive Seam Strength Testing.

1. Location and Frequency.
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K.

SECTION 02271

FLEXIBLE GEOMEMBRANE LINER

EXECUTION (Continued)

a. Locatjon at direction of Owner.
b. Minimum frequency one test location per 500 1 of seam

length.
c. Maximum frequency one test location per 250' of seam

length (average for all seams).
d. Pre-determined test locations will not be made known

to the installer prior to seaming.

2. Sampling Procedure.
a. Cut samples as seaming progresses.
b. Sample size: 12" wide by 44" long with the seam

centered lengthwise.
c. One 1" wi de stri p sha11 be cut from each end of the

sample.
d. Field test one sample for shear and one sample for

peel adhesion.
e. Cut remaining sample into three parts.

1. One portion (12 11 x 15") for installer's
laboratory testing .

2. One portion (12" x 15") for independent
laboratory testing.

3. One portion (12" x 12") to Owner for archival.

3. Patch each sample location in accordance with 3,08 D.

4. Non-destructively test each patch in accordance with 3.07
B.

Procedures for destructive test failure (field test).

1. Any segment of seam must be bounded by two passed tests.
2. Option A - Reconstruct the seam at the failed section

between any two passed tests.
3. Option B -

a. Retrace the seam to intermediate locations a minimum
of 10' from either side of the failed test location
and small samples for additional field tests.

b. If the additional sample passes then reconstruct the
seam between passed locations.



A. Test Seams for Fabrication or Installation Seams.

3.07 TEST PROCEDURES

3.06 FIELD SEAMING (Continued)

K. Procedures for destructive test failure (field test).
(Continued)

SECTION 02271

FLEXIBLE GEOMEMBRANE LINER

EXECUTION (Continued)

Non-Destructive Seam Continuity Testing

1. Prepare test seams at beginning of each seaming period
and once each four hours for each seaming apparatus.

2. Each seamer shall make at least one test seam each day.
3. Use fragment pieces of geomembrane.
4. Prepare test seams under same condition as fabrication or

field seams.
5. Test seam sample size: 2' long x I' wide with seam

centered lenghtwise .
6. Cut two adjoining samples I" wide from test seam.
7. Test one sample for shear and one sample for peel

adhesion using the specified tests.
8. If specimen fails repeat test strip process.
9. If additional specimen fails the seaming apparatus or

seamer shall not be used for seaming until two
consecutive successful test seams are achieved.

1. Procedure applies if either the installer's or the
independent laboratory's tests indicate a failure.

2. Follow the procedures outlined above 3.06 K 1 to 5
considering only the results of laboratory tests as a
basis for passing.

c. If the additional sample fails then continue to
retrace the seam until a passed test sample is
taken.

4. Make another test sample on the reconstructed seam.
5. Non-destructively test the entire reconstructed seam

according to 3.07 B.

L. Procedures for destructive test failure (laboratory tests).

B.
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1.

2.

Test all seams (fabricated or installed) over their full
length.
Failed seams should be repaired and retested.
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B. Non-Destructive Seam Continuity Testing (Continued)

3.07 TEST PROCEDURES (Continued)
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SECTION 02271

FLEXIBLE GEOMEMBRANE LINER

EXECUTION (Continued)

3. Vacuum testing.
a. Equ i pment.

1. Vacuum box assembly consisting of rigid
housing, transparent viewing window, soft
neoprene gasket, port hole or valve assembly
and vacuum gauge.

. 2. Steel vacuum tank and pump assembly with
pressure controller and pipe connections.

3. Rubber pressure/vacuum hose with fittings and
connections.

4. Bucket and wide paint brush.
5. Soapy solution.

b. Energize the vacuum pump and reduce the tank
pressure to approximately 10" oJ mercury, (i .e., 5
psi absolute).

c. Wet a strip of geomembrane approximately 12" by 48"
with the soapy solution.

d. Place the box over the wetted area.
e. Close the bleed valve and open the vacuum valve.
f. Ensure that a leak tight seal is created.
g. For a period of not less than 30 seconds, examine

the geomembrane thro~gh the viewing window for the
presence of soap bubbles.

h. If no bubble(s) appear after 30 seconds, close the
vacuum valve and open the bleed valve, move the box
over the next adjoining area with a minimum 75mm
(3 11

) overlap and repeat the process.
i. All areas where soap bubbles appear shall be marked

and repaired in accordance with Section 3.08.

4. Air Pressure Testing (For Double Fusion Seam Only).

a. Equipment.
1. Air pump (manual or motor driven) equipped with

pressure gauge capable of generating and
sustaining a pressure between 25 and 30 psi.

2. Rubber hose with fittings arid connections.
3. Sharp hollow needle, or other approved pressure

feed device.
Seal both ends of the seam to be tested.
Insert needle or other approved pressure feed device
into the tunnel created by the fusion weld.



SECTION 02271

3.07 TEST PROCEDURES
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PART 3 EXECUTION

FLEXIBLE GEOMEMBRANE LINER

(Continued)

(Continued)

4. Air Pressure Testing (For Double Fusion Seam Only).
(Continued)

3.08 DEFECTS AND REPAIRS

A. Inspection

1. All seams and non-seam areas will be inspected.
2. Installer must clean surface of geomembrane prior to

inspection.

~

d.
"1- 'i

e.
1- I

f.

Energize the air pump to a pressure between 25 and
30 psi close valve, and sustain pressure for
approximately 5 minutes.
If loss of pressure exceeds 2 psi or does not
stabilize, locate faulty area and repair in

. accordance with Section 5.4.
Remove needle or other approved pressure feed device
and seal.

Abrade surfaces of HOPE geomembrane no more than one hour
prior to the repair.
Shape: round or oval.
Material: same geomembrane.
Size: extend minimum of 611 beyond edge of defects.
Use approved methods only.

B. Every suspected defect both seam and non-seam will be
non-destructively tested according to 3.07 B.

C. Repair Procedures.

1. Defective seams - reconstruction (see Section 3.08 E).
2. Tears or pinholes - seaming or patching.
3. Blisters, larger holes, undispersed raw materials, and

contamination by foreign matter-patching (see Section
3.08D).

4. Where excessive extrudate surface occurs, the affected
seam length, as determined by the Inspector, shall be
cap-stripped.

D. Patching.

1.
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SECTION 02271

FLEXIBLE GEOMEMBRANE LINER

EXECUTION (Continued)
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3.08 DEFECTS AND REPAIRS (Continued)

E. Seam Reconstruction.

1. Seam reconstruction for the extrusion welding process
shall be achieved by grinding the existing seam and
rewelding a new seam.

2. Seam reconstruction for the fusion process shall be
achieved by cutting out the existing seam and welding in
a replacement strip.

F. All repairs shall be non-destructively tested according to
Section 3.07 B.

3.09 PENETRATIONS

A. All penetrations through the HOPE geomembrane shall be
constructed as detailed in the drawings.

B. All penetration seams will be non-destructively tested in
accordance with Section 3.07 B.
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1.01 WORK INCLUDED

A. Plastic Filter Fabric.

1. 02 REFERENCES

A. IIApproved Lists, Materials and Equipment for use on New York
State Department of Transportation Projects ll New York State
Department of Transportation, Materials Bureau, Albany, NY
12232. October 1, 1985.

1. 03 SUBMITTALS

A. Manufacturer's list of II minimum average roll value ll properties
for the geotextile to be delivered.

B. Manufacturer's certification signed by a responsible party
that the materia 1s actually deli vered have property "mi ni mum
average roll values ll which meet or exceed all guaranteed
property values for that type of geotextile.

C. Samples from the rolls as specified.

1.04 TESTING

A. The Owner will sample every 10,000 square yards or every lot
whichever is least for product conformance.

PART 2 PRODUCTS

2.01 PLASTIC FILTER FABRIC

A. The plastic filter fabric used will be evaluated on its
ability to provide a permeable layer which allows water but
not soil particles to pass through.

To be acceptable the material must be included on New York
State Department of Transportation approved lists under the
Subheading 7.42-2-1 [21J Geotextiles for Highway Construction,
Subheading B Geotextiles - Undercut.

Additionally the material shall contain stabilizers and an
inhibitor added to the base plastic to make the filaments
resistant to deterioration due to ultra-violet and/or heat
exposure.
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-I PART 3 EXECUTION
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3.01 PACKAGI NG

A. Each roll of geotextile shall be identified with the
following.

1. Manufacturer's name.
2. Product Identification.
3. Lot Number.
4. Ro 11 Number.
5" Roll Dimensions.

B. Special handling requirements shall also be marked on each
package.

3.02 SHIPMENT AND STORAGE

A. Ship in relatively opaque and watertight wrappings.

B. Protect from: ultraviolet light exposure, precipitation or
other inundation, mud, dirt, dust, puncture, cutting or any
other damaging or deleterious conditions.

3.03 SAMPLING

A. Cut samples 3 1 long by the width of the roll.

B. The sample shall not include the first 3' of any roll.

C. Take samples for every 10,000 square yards or every lot which
ever is least.

3.04 HANDLING AND PLACEMENT

A. Handle all geotextiles in such a manner as to insure the
geotextiles are not damaged in any way.

B. On slopes, the geotextile shall be securely anchored and then
rolled down the slope in such a manner as to continually keep
the geotextile sheet in tension.

C. In the presence of wind, all geotextiles shall be weighted
with sand bags or the equivalent. Such sand bags shall be
installed during placement and shall remain until replaced
with cover material.

D. If white colored geotextile is used, precautions shall be
taken against IIsnowblindnessll of personnel.
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3.05 SEAMS AND OVERLAPS

A. On slopes steeper than ten horizontal to one vertical.

3.04 HANDLING AND PLACEMENT (Continued)

SECTION 02275

GEOTEXTILE

EXECUTION (Continued)

No traffic or construction equipment will be permitted
directly on the geotextile.

H.

E. The Installer shall take any necessary precautions to prevent
damage to underlying layers during placement of the
geotextile.

F. During placement of geotextiles, care shall be taken not to
entrap in the geotextile stones, excessive dust, or moisture
that could damage the geomembrane, generate clogging, or
hamper subsequent seaming.

Geotextiles shall not be exposed to precipitation prior to
being installed, and shall not be exposed to direct sunlight
for more than 15 days (unless otherwise specified).

1. All geotextiles shall be seamed.
2. Seaming shall be accomplished by sewing.
3. All seams shall be continuously sewn.
4. Sewn seams shqll be overlapped a minimum of six inches

and double sewn.
5. Thread shall be nylon or polypropylene.
6. No horizontal seams shall be allowed on slopes steeper

than ten horizontal to one vertical.

G.

PART 3
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B. On slopes less steep than ten horizontal to one vertical.

1. Geotextiles may be seamed as indicated in 3.05 A.
2. Otherwi se overl ap sha 11 be a mi nimum of 18".
3. Orient overlaps in the direction of earth filling.

C. Pay particular attention at seams and overlaps to ensure that
no cover material is inadvertently inserted beneath the
geotextil e.

3.06 GEOTEXTILE REPAIR

A. Geotextile which becomes torn or damaged shall be replaced or
patched.

B. Should any tear exceed 10% of the width of the roll, that roll
shall be removed and replaced.

-.1



D. Patches not on slopes.

3.06 GEOTEXTILE REPAIR (Continued)

C. Patches on slopes.

1. Patches shall be sewn in place.
2. Double sewn lock stitches (1/4 11 to 3/4 11 apart).
3. No closer than 111 from any edge.
4. Minimum overlap from edge of tear or damage: 611

•

Use sewn patches as in 3.06 C or
Use patch with minimum 3 1 overlap beyond perimeter of
tear or damage.
Spot sew the patch in place.

SECTION 02275

GEOTEXTILE

EXECUTION (Continued)

3.

1.
2.
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E. Remove any soil or other material which may have penetrated
the torn geotextile.

3.07 PLACEMENT OF COVER MATERIALS

A. Insure the geotextile is not damaged.

-
B. Insure minimal slippage of the geotextile on underlying

1ayers.
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C. Insure no excess tensile stresses in the geotextile.

D. No construction equipment with ground pressure greater than 8
psi shall operate on slopes unless they are more than 10' from
exposed geotextiles and are operating on 2 1 or more of cover.

E. Maximum ground pressure of the equipment used to place the
cover shall not exceed 4 psi.

F. The cover shall be placed in one 12 11 1i ft.
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ATTACHMENT B

SAMPLE DATA SHEETS
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SHEET QUALITY CARD

________ LBS.

)ATE:

~OLL NO.: _

_OT NO.:

LENGTH:

WIDTH:

SQUARE FEET:

_____ FT.

_____ FT.

THICKNESS: .....,...-

WEIGHT:

SILO NO.:

MM
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ACCEPTED REJECTED

GOOD' POOR
MELT BEHAVIOR:

MELT APPEARANCE: ._. I
e-.i0RMING BEHAVIOR;

)' 100'

~. NEW STA~T
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X· TEAR

300' 400' 500'

o . HOLE 0 . DOUBLE
LAYER

600' 700'

V· NOTCH ON
BACK OF
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WELD TEST RECORD

JOB NUMBER:

PROJECT:

WELDER 10 #:

TYPE WELDER:

TECHNICIAN:

Seam Preheat Extrudate Ambient Weld Peel Test
Time Location Temp ..oC Temp.oC Temp.oC Speed Results
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Schlegel Lining Technology, Inc.

We, the undersigned, certify that the statements in this record are correct
and that the welds were prepared and tested in accordance with manufacturer's
recommendations.

Number of Number of AcceptanceSeam No. Repairs Repairs Comments
Required Made Date

~
~\\ .~~

~
~\!~.\;/

~"':~ ~\~~~v"f'"'::'-" :,' .- "N·;ij:~{'d~

~~=~l(''''
~ 1.1

"5l"'"

-

TOTALS:

Date-------

'I

KRAUTKRAMER USM2/US K6.

10 MM LINEAR TIME BASE. 46 DB.
100% FSD BACK WALL ECHO.

10 MM MINIMUM CONTINUOUS FUSION IN CROSS
SECTION AREA OF WELD.

REPORT OF ULTRASONIC EXAMINATION OF WELDS

PROJECT

WELD LOCATION (AREA)

EQUIPMENT (NAME &TYPE)

CALIBRATION

ACCEPTANCE CRITERIA .

TRANSDUCER (COMPRESSION): 4 MHz, 10 MM, TWIN CRYSTAL.
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REPORT OF WELD IMPACT TESTING AND VISUAL INSPECTION

Date:-----------
Project:----------------------

Weld Location (Area):----------------
Method (Impact or Visual): ----------------

Number of Number of Acceptance
Seam No. Repa irs Requ'd Repairs Made Date Corrments

I

~

~ \ ~~
A(O)'WV

.

(ol~~•.•~\)
I

A i
_0, .'.'.5.: • I
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TOTALS:
.

We, the undersigned, certify that the statements in this record are correct and
that the welds were prepared and tested in accordance with manufacturer's recommenda1

Schleqel Lininq Technology, Inc.
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Job Number:

PHYSICAL TESTING

WELD SEAM QUALITY CONTROL

Eva1uat ton:-----------------
Test Performed by:-----------

PEEL TEST

Action Requi~ed:----------------------------

TENSILE TEST
. . Sampl e

(From Seam # N/N) Failure Mode Weld Tensile Strength Weld Tensile Strength
Liner Tensile Strength~Yield

X 100
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REPORT OF VACUUM TESTING OF WELDS

Date: _

Project:---------------------

Weld Location (Area):----------------
Equipment (Name &Type}

--------"~--------

Number of Number of Acceptance
Seam No. Repai rs Requ'd Repairs Made Date Cornnents
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TOTALS:

We, the-undersigned, certify that the statements in this record are correct and
that the welds were prepared and test~d in accordance with manufacturer's recommendat;

Schlegel Lining Technology, Inc.



.'

®

REPLACE----REPAIR----

NON-CONFORMING CONDITION:

SITE SUPERINTENDENT

OTHER: _

NON-CONFORMANCE REPORT

TO PROJECT ENGINEER:

FROM SITE SUPERINTENDENT:

DISPOSITION:

ACCEPTANCE OF DISPOSITION DATE ___

SCHLEGEL LINING TECHNOLOG~INC.

200 South Trade Center Parkway Tel: (713) 273-3066 (Conroe)
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(11) "Construction and demolition debris" means wastes resulting from
construction, remodeiing, repair and demolition of structures, road building and
land clearing. Such wastes include but are not limited to bricks, concrete and
other masonry materials, soil, rock and lumber, road spoils, paving material and
tree and brush stumps.

(12) "Container" means any portable device in which a material is
stored, transported, treated, disposed of, or otherwise handled •.,

(13) IIContingency plan" means a document acceptable to the department
setting out an organized, planned and coordinated course of action to be
followed in case of a fire, explosion, or other incident that could threaten
human health or the environment.

(14) IICover material" means soil and/or other suitable material accep
table to the department that is used to cover compacted solid waste, including
hazardous waste, in a land disposal site.

(15) IIDaily cover" means a compacted layer of at least six inches of
cover material that is placed on all exposed solid waste in a landfill at the
end of each day of operation (except for recyclable materials properly located
in a salvage area).

(16) "Department" means the New York State Department of Environmental
Conservation.

(17) IIDike ll means an embankment or ridge of either natural or man-made
materials used to prevent the movement of liquids, sludges, solids or other
materials.

(18) IIDischarge" means the accidental or intentional spilling, leaking,
pumping, pouring, emitting, emptying, or dumping of solid waste, including
leachate, into or on any land or water.

(19) "Disposal ll means the discharge, deposit, injection, dumping,
spilling, leaking,_ or placing of any solid waste into or on any land or water,
so that such waste or any constituent thereof may enter the environment, or be
emitted to the air, or discharged to any waters, including groundwaters, of the
state.

(20) IIDisposal facilityll means a facility or part of a facility at
which solid waste is intentionally placed into or on any land or water, and at
which waste will remain after closure.

(21) uDivision" means the Division of Solid and Hazardous Waste of the
New York State Department of Environmental Conservation.

(22) "Eel" means Chapter 43-8 of the Consolidated Laws of New York
State, entitled the Environmental Conservation law.

-4-
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APPENDIX E

RECOMMENDATIONS OF DR. NORMAN RICHARDS

ON SOIL COVER
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June 15. 19~;-

::: a~chard •• Klippel, P.E.
I

C:a.loce~os and Spina

1020 Seventh North Street

Liver~ool NY IJOE8

From: No~~~ A. Richa-~s

156 ~es~inster Ave.

Sy::-ac'J.SE! NY 13210

:te: REX:C!'!ME:NDATICNS FeR 50I1- AND V~wATION ASPEX:TS feR RE'/:SZD CLCSURE

P:A.'i FeR THE CRUCI3IZ INC. SOLIJ ~ASTE FAC~LI~, GEDD~S, NY.

As we discussed in our meeting of June 11. I have developed fta'tner

r~commendations on the soil and vegetation aspects of your revised closure

ph.n for this factii ty. If :u:=-t....er details are needed. or ·you have 0 ther

ques~ions, please contact me again. I will be away most of the nex~ two

weeks, so it would be best to contact me June 24 or 25 when I know that

I ...ill be in Syracuse.

My~recommendationsare based. on the following design assumptions which

you outlined:

- That the re-shaped. erucible waste wlll be capped by a h4;hly impermeable

s~ thetic membrane overlaying a layer of porous, coarse sand, rat."1er than

a capping of low-permeability clay as previously proposed. The beds should

be shaped and the sand layer placed as early as possible prior to placement

0: the membrane in order to allow for initial settlement after reshaping.

Jepth of potential freezing is veri uncertain on this raiseC., exposed waste

site. so any effects of freezing are to be avoided by the rapid permeability

0:" the sand which will re:nove any moisture that may accumulate under the

me~brane. In contrast; clay under the liner would more likely be affected

by freezing, ~~d it also may crack upon drying so it would not necessarily

ma:","tain loW' per:neability. In case of ~~ accidental breakage of the

SjT. Uletic me:norane. the underlying Solvay waste would. serve as a secondary

protection system in absorbing any leachate through the Crucible waste.
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~e relatively short slopes designed. in the r~d€ed n.''1al topcg=a?hy of the

C:".:.cible waste will l!.mit the a.mOl.J1t. of water intr.lSion tha~ might result

{:oom a."1 accidental hole made in t."le s)·nt.~etic ll1embrar.e.

- That a six-inch layer of uni.:o=::lly coa=se sand will be placed over t.'1e

synt."letic membrane to as~u:re rapid la-:'eral <U-aina.ge of precipitation

pe=::Jeati:l.g to t."lis level. The soil layer placed. over this sand :Dust be

s~a::le and su?port satisfactorJ vegetation cover. Perennial herbaceous

cover requiring mini.:num maL"'lte."1ance is desi.::'ed. Woody plants a=e not

des~ed because of a possibility of greater potential for woody roots to

penetrate the synthetic me~bra.'1e.

Re~oT~ended low-mainten~'1ce soil-ve~e~tion system

1. The soil cover should be designed. for good physical stability. Vegetation

should not be relied on for erosion cont=ol and other sta~ili.tation of Ule

site. Rat."ler, its purpose is second~J protection, improved 1nf~l~~tion,

and aesthetic enhancement of the site. The sol1 cover should be in the

textural range of a coarse or sandy loam; ideally with .50-6~ sand that is

mostly in the medium or coarser size range. A soil of this textt.:::'al range

s..~ould ma:-.:1-:ain good inilltration and have low erodabillty on the slopes

planned. Also, a Inee.ium to csarse sandy loam should not fon a significant

textural discontinuity-wiL"l the underlying sand layer, 'as may occur with a

f~er so.il. A moderate content of coarse fra.e:-ments--gravel or larger in the

range of 10% volume-- would be acceptable in this soU material, and may

even increase soil stability. However, substantially greater stoniness would

reduce effective sol1 volume for pla."1ts, so an inc=eased dep~~ of soil would

be requi.::'ed.

2. !n the textural range specified above, a cover of 18 inches of soil

over the sand laye.!" is believed to be adequate for the objectives of this

closure plan. A sandy lo~ of ~~is depth, would hold a little over 2 inches

c:." water available for plant growth after drainage oi graVitational water.

This is marginal fo'!' plant growth in central New York; that is, it can

su~?ort drought-tolerant perennial grasses and forbs, but is unfavorable for

pla..?J.ts with higher moisture demands--notably vigorous annuals a."1d most
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woedy plants. This margir.al moistur'! availacilit.y should. red.~e the need

fo=, !!lowing or ot.~e=, treat:nent. to control 1nvaC.~"g woody plants a."d noxious

weees t.~at could become a problem on a daepe=,. more favorable soil for plant

g:-":1wth. There is no assurance that a porous 5011 depth of 18 or even 24 inches

ove-: 6 inches of sa."d will preve." t plant roots f=co reachi.."g t.'1e me_brane

s:Z-:ace. However, root g:rowth, 1s expected to be weak in the sand layer in

compa=~scn with the more favorable soil above.
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J. The concept of placing t ....o layers of soil, so-called "subsoil" and "'topsoil",

en recl~tion sites 1s obsolete for sites where high-productivity vegetation

15 not needed or desired. The main value of "topsoil" is hi.g!1a-::- fertility

u~;.:ally associated with higher organic content. Ho....ev_er, soil :ertility can

be a3ended easilt by fe-:tllization, and the other values of organic matter

a.=e not critical in a soil of favorable texture. On the negative side,

typically finer-textured topsoil is more subject to erosion, particularly if

it causes a textural discontinuity with the underlying soil. Its use also

depletes another area of topsoil.

I recommend use of a single soil layer selected for its iextural composition

as described above. Its fertility status 1s not important because this can

be uproved easLy. In fact, high ferlil1ty is not desirable because 1t

may encourage growth of vigorous annuals during favorable !lloisture periods,

a."1d these would interfere with slower-growing, more drought-tolerant species

t.":a. to would be more favorable on this site in the longer run. A so11 pH in

th-:. ran€e of 6.0 to 7.5 would be satisfactory here. If the pH 1s beloW' 6.0,

a.c-ricultural ground limestone should be spread at the rate of one ton/acre

before seedlrl.g.

4. Pe-:enn1a.l, sod-for::ling grasses would be best as tile. primar-; vegetative

cove-:, because of their good protective cover and 1il.hib1tion of woody plant

invc-sion. The main requireJIents for species adaptation hEre are drought

tolerance, cold hardiness, and ability to persist .... ith mini!nal ma~tenance.

A legume component mixed wlt.~ the grass would be helpful to fix nitrogen and

therefore reduce future fertilization needs for this nutrient. My species

recommendations for the previous closure plan (my 7/20/84 letter to you)

re!:'lai.TJ. applicable to the revised plan. These were for "Ke.YJ.tucky 31" tall
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:-es;::;e seed at 20 l:'s. per acre, wit.."l "~he!!lung" 'crownvetch irl..'loctllated seed

a~ 15 1:s. per acre. I have obser/ed ~~~t ~~ese species and varieties a=e

':a~ly drought-tolera."1t in central New York, and bO~"l are currently growing

well on the Solvay wastebeds. In view of t.~e desire for a dense, low

:na':":'tena.nce sod to discourd.€e woody plant invasion in the revised closure

?l.an, I think t.."lat a slightly better ~te!r.ative grass would be common

red. :~esc:.l.e (1estuca, I"'olbra) j prefe=ably not' the n~w -;-~i~'ti~;-developed for

in ":.e~si..,e la;.m USe. This grass fo~s a lower cover of denser soC., and is

ve="J droU€ht-tolerant; so 1s ·par'tic'J.1arly ef:ective in inhibiti."1g woody

~vasion. A disadvaIl tage of red fescue is that it is slo,.-er to establish;

tnically, first-yee.r cover is not dense, so soil conditions must be quite

sta.::le for successful establishme."1t of ~~is species. Crownvetch can also

be :nixed 5 a scattered component with red fescue. I recommend a seeding

rate of 20 Ibs. red fesc:.l.e to 10 lbs. of crownvetch per acre. Because there

is a large difference in seed weights, this mix provides a ve-ry small number

of crol."!1vetch seeds 1."1 relation to fescue seeds.

Either the red fescue or tall fescue mixt.ures would be best seeded in

ea=ly spring. Altenlatively, the grass could be seeded in Sept~ber, with

~'1e crownvetch topseeded early the following spring. For the grasses almle,

fertilizaticn with seeding should be at the equivilent rate of about 1200

l~s. per acre of 10-10-10. If the legume 1s seeded with the grass, the

pr:::port1on of nit=ogen in the fertilizer should be reduc~ to about half'.

A l~ht mulch layer at the time of seeding is desirable to conseI"'{e water

ar:d reduce crusting of the soil surface wile the grass 15 becoming established.

:: t:.e site is hydroseeded, a fibre mulch in the hydroseeding mix would be

s'..Lf:~cient. Othe:nrise, chopped straw can be blown onto t.'1e site in a thin

layer just suificie.'lt to cover the surface after seeding.

5. The plan ted. site may require a topiress ing of more fertilizer the second

year if plant cover 1s lighter than desired. If a legume 1s established in

the cover, the topdressing should be at the equivllent rate of about 1000

1':s. 5-10-10 per acre. If there is no 1ec,""UIlle, more nitrogen tihould be added.

He~Yy fertilization is not recommended because it will foster invasion of
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~g::'essive, nox~ous species such as r3..0'-1feee.o. There 1s a large seed.

s;:;ur~e of sl;ch noxious species arour.d t.~e State Fai= pa=ki.'1g areas, on the

sew~e slt.:dge d1JlI:p area, and on other poorly maintained sites near the

C::::".lcible landfill.

':'he vegetated site will need to be inspected. in future years for s1.gn1f1cnn t

~vasion of woody plants. Mainten~'1ce of a moderately dense herbaceous cover

s~o~d i.'1hibit woody plant invasion, so only well-established plants would

have to be re~oved. This could be done as needed by selective treatment w1th

2-'1 appropriate herbicide ° A1ternatively, the 51te could be mowed. about

ever"! other year to favor grass growth and discourage woody pk", ts. One

:now:.ng in early SUInJ:ler at a fairly high setting of about 4 inches should be

adequate. This mowing may also be useful to expose any d~e to the 5011

cover, such as animal burrows, which may require attention.

~~~fi?-L~~
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October 3, 1985

Mr. Richard W. Klippel, P .E.
Calocerinos &Spina
Consulting Engineers
1020 Seventh North St.
Liverpool, NY 13088

Dear 11r. Kl ippel ,

It was a pleasure meeting your acquaintance on Tuesday. Please find attached
nine (9) reports covering all subjects discussed during our meeting.

Report #1 is a Confidential technical report issued by The International
Technical Center for Rubbers and Plastics, Shawbury, England. 'This report
addresses the issue of the service life or durability of SCHLEGEL® sheet
HDPE liner.

Report #2 - Effects of burrower attack on liners clearly indicating that
polyethylene liners were unattacked when exposed to addicted rats. The
report also compares performances of other liners. This report was
abstracted from a German plastics engineering book published in 1968.

Report #3 - Published by Public Materials Testing Bureau of North Rhine
Westphalia, Dortmund, Germany and translated into English; shows the
performance of Schlegel HDPE liner when exposed to rodents. Both German
and English translations are enclosed.

Report #4 - Published by another German independent institute; shows the
performance of Schlegel HDPE when exposed to rodents. The rodents species
used in this case are called "muskrats" and considered as Genrnny I s rrost
dangerous gnawing and burrowing animals.

Report #5 - Published by West German Federal Institute for 1~terial Testing;
shows the performance of Schlegel HDPE liner when exposed to termites. The
species used are aggressive termites from South Carolina, U.S.A. and
Northern India.

Report #6 - Long tenn performance of Schlegel HDPE liner under different types
of stresses. Issued by Schlegel Lining Technology, Inc. This report covers
properties such as creep, relaxation, flexural fatigue and environmental
stress cracks.



Report #8 - Issued by the "South German Plastic Testing Institute"; this
report evaluates the integrity of Schlegel fIDPE liner after exposure at
Galing disposal pit. Properties such as density, melt index and tensile
testing were evaluated after exposure.

Report #7 - Weathering ~esistance of Sch~egel HOPE liner discusses ~he

performance of SCHLEGEL sheet, both durlng laboratory and actual fleld
exposure to weathering factors. The weathering factors consist of
photochemical attack, thermal oxidative attack and a combination of both.
Increased temperature and ultraviolet radiation were utilized to facilitate
ageing.

-
-
-

Mr. Richard W. Ia.ippel, P.E. -2- October 3, 1985

Looking forward to working with you on this very important project.

I hope these reports will answer all your questions. If you have further
questions or if I can be of any assistance, please call me.

Report #9 - Issued by Austrian Plastics Institute, Vienna, Austria; this
report discusses in depth the physical and chemical properties of Schlegel
HOPE as tested by the Institute. Different types of field loadings and
deformation factors were evaluated in regards to their effects on Schlegel
HDPE.
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cc: Morris Jett, SLT-Houston
Gene Connelly, SLT-New York
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ASSESSMENT OF SCHLEGEL AREA SEALING SYSTEM

I
For the attention of Dr. F.W. Knipschild

rapra
Rubber and Plastics Research Association of Great Britain

~- A company limited ~, guarantee Regislered in England: No, 159453

, I

·k::..

R.P. Br,own
Manager
~

ThiS 'epo't 'e'ates to the specl'Ilen(s) o' ,nSlru'Ilent(s) subrmlted for test and no others

Your atlent,on IS particularly d-awn to Condition 13 overleal

f) \\ .
, .:I) ...,.,. - ....
, I""\~""-
,,'. '.:

B.J. Wain
Author

SCHLEGEL LINING TECHNOLO~Y GmbH,
Bredow Strasse 33,
D2000,
Hamburg 74,
West Germany.
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ASSESS~ffiNT OF SCHLEGEL AREA SEALING SYSTEM

1. Introduction

The Schlegel Area Sealing System is based on the use of high

density polyethylene sheet of thfckness between 1.5 rom and

3.5 mr.l as an impermeable membrane in the construction of

reservoirs, storage lagoons, pollutant containment pits and

the like. The system is m~nufactued by Schlegel Lining" "

Technology GmbH, Bredow Strasse 33, D2000, HAMBURG 74,

west Germany and the United Kingdom and Ireland is served

by Schlegel Lining Technology GmbH, 53, New Street, CHELMSFORD,

Essex CHl lNG. The manufacturers offer an installation service

including the laying and welding of the sheet with complete

testing of the welds made on site by both mechanfcal stressing

and ultrasonic techniques.

The Rubber and Plastics Research Association (hereinafter

abbreviated to RAPRA) have carried out an independent assessment

of the system including:

1.1 The manufacture of the sheet.

1.2 The installation of the sheet as an area liner.

1.3 The physical and mechanical properties of the sheet and

welds produced under typically standard conditions and the

relationship of their properties to the parent high density

polyethylene.

1.4 The quality control applied to the polyethylene

granulate, the sheet manufacture and to the subsequent

installation on site.

This reports gives the details and the results of

the test programme and the assessment .
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2. J..ssessnent

2. 1 Ge:!eral

R~PR~, havin~ carried out the assessment and test programme

described in section 4 and having drawn the conclusions

set out in section 3 of this report, are satisfied that-the

area sealing system offered by Schlegel Lining Technology

GmbH meets, in every respect, the claims made in their

published technical literature.

2.2 t-laterial

The high density polyethylene used for the manufacture of

the sheet is a carefully chosen grade obtained from one

supplier only. Antioxidant and UV stabiliser (i.e. carbon

black) are added and compounded by the resin manufacturers

and it is the opinion of RAPRA that the quantities added are

adequate to stabilise ~he material for its use as a sealant

liner .

The sheeting, made by a unique extrusion/casting technique,

is essentially strain free and its tensile properties at

ordinary temperatures in both directions are almost identical

to those published by the resin manufacturers as determined

on laboratory prepared test pieces. At sub ambient temperatur~

(-10°C) there is an increase in tensile strength· and a slight

loss in elongation. As would be expected, at an above ambient

temperature (70°C) there is loss of tensile strength without

much increase in elongation at break; at this temperature the

sheet does not have a recognisable yield point. It is the

opinion of RAPRA that the tensile properties of the sheet at

temperatures between -10°C and 70°C coupled with the high

softening point of the material (120°C), low thermal shrinkage

and very good low temperature brittleness (lower than -90°C)

will ensure that the liner has adequate strength during

installation and use as an area sealing medium over a wide

~ange of climatic conditions.
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2.3 Installation

Installation of the Schlegel Area SeQling System is always

carried out and supervised by Schlegel personnel. Having

visited completed sites and those under construction,

PAPRA are satisfied that the laying and welding of the

sheet into a complete liner is carried out using the best

state-of-the-art technique~. Welds are produced using purpose

designed semi-automatic welding machines or by hand with

skilled operators where there is inaccessibility f~r the

machines. All welds are tested ultrasonically (non-destructive

testing) and random samples are also taken and the weld

strength determined in both shear and peel on site. Laying

and welding is never carried out in wet weather.

During installation the risk of damage to the polyethylene

sheet is, perhaps, higher than at any other time during

its service life. Th~re is the possibility of damage by the

passage of earth moving equipment driving small stones

through the sheet and the dropping of sharp pointed

instruments by workmen. It is the opinion of RAPRA that

the punch shear strength and impact strength of the sheet is

adequate to resist such casual damage. Furthermore, if a

puncture does occur then the damage is confined to the area

of the puncture and there is no evidence of radiating crack

propagation from the damaged site. The repair of such

damage by the welding on of a patch is readily effected.

2.4 Chemical Resistance

RAPRA are satisfied that the resistance of the HD polyethylene

sheet to water, strong mineral acids and alkali and oil

is adequate for the application. The published literature

both by polyethylene manufacturers and others., e. g. RAPRA (2)

. documents the resistance of polyethylene to a wide range of

chemicals hence there is no difficulty in deciding the

suitability of the system for the containment of particular

chemicals. The environmental stress cracking resistance of

the sheet is excellent and it is unlikely that the sheet

will fail in this mode during service.
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2.5 Quality Assurance

RAPRA, having inspected the quality assurance schedules

for the control of quality of the base HD polyethylene. compound

and its manufacture into sheet and installation on site,

are satisfied that Schlegel rigidly apply these schedules,

retain samples for at least two years and records for at

least. 5 years. There is no doubt that the level of quality

assurance applied to the Schlegel Area Sealing System is

adequate for its application.

2.6 Service Life

It would be unwise to make any firm prediction of service

life on the basis of the assessment and short term tests

which form the subject of this report. Nevertheless, RAPRA

feel that the high quality of the whole system coupled with

the known behaviour of polyethylene in pipe applications

over the last 30 years. is sufficient to indicate that the

Schlegel Area Sealing System should have a service life of at

least 50 years.
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The most important type of burrower for testing burrower-proof dike construction
materials is the rat (sewer rat, large vole, and muskrat). Long-tailed mice (house
mouse, forest mouse, yellow-necked mouse, Brandmaus, and dwarf mouse) are for
the most part only active in destroying. membranes above gr<:lUnd level. The small
vole (field mouse, ground mouse, ochre mouse) is numerous but does not burrow
deep enough and gnaws membranes at a very slow rate. Underground mice and
Rattenkopf are difficult to obtain as experimental subjects and are not abundant
enough in nature to be of importance.

Transhition
D. Etter, March 7

II

Wo

The author carried out applied behavioral research to determine the resistance to
burrower attack of dike liners, both concret-e liners and membrane liners. The
investigations were carried out as part of the planning work for the Aller-L~ine-Oker

(rivers) prbject in the West German province of Niedersachsen.
Only rodents were to be taken into accoimt for the conditions prevailing in West Germany.
Carnivores (fox, badger, marten, weasel, etc.) and insect eaters (mole, shrew, etc.)
were not included as they do not attack surfaces, although they do bite off relatively
small roots when burrowing. This holds for rodents, even rabbits. Of course, these
burrowers can all tear open soft, paper-thin membranes with their claws.

The purely physical standpoint that only those substances harder than the burrower's
tooth enamel are burrower-proof is an underestimation of the possibilities of the
situation. For instance, an artificial slate produced in LatVia in 1942 was found
to be a suitable material for a large sewer rat cage although the material could be
sawed and nailed without difficulty. Observations showed that, as soon as they took
a full bite, the rats could not pull their teeth out of the material; several died as a
result of this. The others soon realized that the gnawing would endanger their survival
and thus refrained from further gnawing as a self-protective measure. Even a soft
material can prevent gnawing if its surface is smooth and there is no nearby supporting
surface for the animal to push off on.

THE EFFECT OF BURROWER ATTACK ON DIKE LINERS

taken from ''Wasser und Boden" (1968) No.8, page 239
Author: F. Steiniger
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Tests: sewer rates were confined in an open air enclosure with an area of
100 m2• Membranes (thickness less than 1 mm) of PVC with plasticizer
additive were buried vertically beneath the enclosure; the rats broke through the
membranes when they obstructed burrowing. The rats also gnawed on PVC
membranes (thinner than 1 mm) merely placed on the ground and swallowed some
of the debris. The undigested debris could be detected in their excrement which
had a very unusual appearance. The ani~als soon developed an addiction to PVC
which is analogous in certain respects to gum chewing by humans, e. g. in America.
Both phenomena are referred to in animal psychology as "purposeless habitual
behavior"• A rat must instictively gnaw for a certain amount of time each day
and thus often gnaws objects without serving any purpose whatsoever. For the
PVC material, it was apparently the plasticizers causing the animals to become
addicted, since PVC without plasticizers was not attacked. At the moment it has
not been determined whether the addiction is of a chemical or a tactile nature.

Bad-tasting and poisonous additives to PVC did not harm the addicted rats; when a
steel wire mesh was present in the membrane, the rats cleaned off the PVC down
tq the mesh. On the ot her hand, the forest mouse, the large forest mouse and the
muskrat did not display the same addiction.

As opposed to soft PVC, membranes of polyethylene were not attacked by rats,
not even addicted ones. This was proved in extensive testing with VK 1531 dike
liner membrane.. ••• This membrane, tested for the most part as specimens
of 1 mm thickness, was buried.: vertically and was not penetrated by the burrowing
rats. One section was placed in a cage containing 50 to 100 rats for a period of 20
months and showed no signs of gnawing when examined afterwards. Wild rats were
enclosed in small cages of this membrane and could not break through, not even when
f aced with starvation.

•

... /3
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Two model dikes were constructed in a 60 m 2 pond sealed with welded section
of VK-1531 membrane. The models were oriented perpendicular to each other;
VK-1531 was used to line both, in one case without any additional protection
and in the other with a covering of Pectacrete Cement (••••••••• ) In three months
exposure, hetther the covered nor the unprotected membrane was penetrated either
on the membrane surface or below water level. Gnawing damage was only observed
on the edge of the unprotected membrane, causing leakage in one instance. Experiments
were conducted on membrane samples in small rodent cages; here, as with the La tvian
articicial slate, the rodents' teeth were observed to stick fast in the membrane surface.

In practice, rodent attack on the edge of a large area welded membrane is not a
substantial point. If edge protection seems nonetheless necessary, a concrete
covering can be used to secure the edge. From the standpoint of effectiveness,
there is certainly still tight competition between a burrower-proof membrane and
a burrower-proof concrete layer; the selection of one systeJ;ll or the ot her would be
based on cost factors.

•~ ....



-'\'-

-I

'" :1I
1

t _,..

1"<111:' lill-IIIII

STAATLLCHES MATERIALPROFUNGSAMT NORDRHEIN-WESTFALEN

(Public Materials Testing Bureau of North Rhine-WestphaJjaJ
DORTMUND
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-
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Commissioning Firm:

Receipt
of Test Commlssion:
of Test Material: :

Type and Designation
Ot lest Material :

T EST C E R T I FIe ATE
No. 32 0202 9 81

Schlegel Lining Technology GmbH
Bredowstr. 33
2000 Hamburg 74

April 27, 1981
J,une 4, 1981

SCHLEGEL sheet, 2 mm thick
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1. Test Commission
Testing of rodent resistance

2. Test Procedure
The experiment was conducted according to the "Construction and Testing

Guiaelines for Plastic Liners of Indoor and Outdoor Basins and Tanks for

Storage of Potential Ground Water Pollutants" (eTG P~astic Liners)

November 1981 version, Section 4.8.

The specimen exposed to water rat attack in the experiment was the liner
of a basin constructed for the test as described in section 4.8 of the
above guidelines, with approximately 2.40 mof fillet weld:seams (corners)
and approximately 3.20 m of overlap weld seams (2 seams, oriented parallel
to the longer basin side). The overlap width of the lengthwise welds was

-1
-J
-J

The test certificate comprises 2 pages and 4 photos.

The test certificate may be pUblished or reproduced without prior consent of , the
Bureau only within two years of Issue and only If fonnat and content are not
In any way modified. Prior con~ent of the Bureau Is required In all cases If the
standards according to which the testln9 was conducted or other technical guide
lines have changed since writing. Use of the test certificate In abridged form
Is allowed only with the prior, at any time revocable consent of the Bureau. The
consent In this case Is also subject to the time limit stipulated above. Reference
to the te~t c~r~~fi~a~e In writing Is also considered in this context to consti-

.. i2
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about 40 mrn. ~he overhanging length of unwelded material was 180-200 mm
in length. The liner material was relatively stiff and was thus anchored

in the subgrade earth without need of folding (dimensions of basin floor:

500 mm x 500 mm).

A basin of the dimensions of the test specimen was excavated in the water

rat cage. The test specimen was placed in the basin and subsequently co

vered with a layer of earth 5-10 cm in depth. In addition, several unsecured

strips of the liner material approximately 5 cm in width were placed on the
cage floor.

A nonrigid PVC liner test specimen of the same dimensions was employed as

a control specimen for evaluation of the water rat attack.

3. Tes t Results
The test specimen was removed from the basin after an exposure period of

6 months. The damage to the above-ground sections of the test specimen had
been determined over this time. Evidence of extensive burrowing activity

in the covering layer and subgrade was observed during the removal of the
specimen. The test specimen was observed to have sunk somewhat into the sub

grade; in addition numerous tunnels were observed under the SOD mm x~500 mm

basin floor. The control specimen had been completely destroyed in the exper

ment and was found in small shreds spread throughout the entire cage.

The unsecured strips of the test material had been carried off by the water

rates and could not be located.

Inspection of the test·specimen (Figure 1) after removal revealed apart from
numerous minor indications of gnawing attack (Figures 2 and 3), only one spo
with any significant gnawing damage (Figure 4), extending over approximately

25 cm of an outer edge up to a depth of 7 em. No other damage to the test

specimen was observed.

(signed)

Dr. Weisheit

Dortmund, West Germany

May 24, 1982

Translation O. Etter, 'August 1983



-].- - Appendix to Test Certificate No. 32 0202 9 81 of May 24, 1982

.. .. .. .'......
.... .

:\
:\

Schtegel Platte

Figure 2

: ..... :. .".

·~~·\l\;;.:.;~
' ...'~ .

.. :<~:t;.. :

~0£!~;j'iFJ);.;~;;::~1?f:!;l\~~1;jC6~.
Fi gure

-
,-

- J J

-1
)

-~

-
-J
- J

-
- \

-
- l

,

- r

- ~1

- ~

- ~1

-

-1



Appendix to Test Certificate No. 32 0202 9 81 of May 24. 1982

i.
i

I

-
-I
-J
-j

--I
-~

\..

~~oure 3

Schlege[-Piotte

-J
-J

Figure 4

. . ..... . .. ... .
• •• •.· .. .·.. .· .. .



Commission: Test of the resistance of the SCHLEGEL sheet

"VESTOLEN A 3512 black" to rodents in an open prescr'/(;

Based on observations made during laboratory tests (see report fro~

April 11, 1978) we recommended an open enclosure experiment to re

confirm our results.

51 Aach~n, March lJ,1~7~

Lochnerstr. 4 - 20

Telephone (0241) 80 89 1

Professional Opinion

Your request from April 17,1978

Prof. Dr. med. Hans J. Einbrodt

Vorstand der Abteilung

Hygiene und Arbeitsrncdizin

der Rheinisch-Westfalischen Techni

schen Hochschule

Reference
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On April 24,1978, employees of your firm installed in accordance wit

our specifications the above mentioned SCHLEGEL sheeting A 3512 in a

open preserve in Aachen. The material to be tested was a high dcnsit

material (HDPE - low pressure polyethylene) of ~ = 0.94 g/cm) with

an elastiticity modulus of 900 N/mm2
, which according to the pro

ducer's specifications has the following characteristics:

- sufficient mechanical solidity, a good elastic behaviour when

deformed

- high plastic deformability, good relaxation characteristics

- high chemical durability and tensile cracking strength.

- high thermal durability and U~ stability

- resistance to micro and macro organisms and root ,penetratior..

- simple and reliable production and connecting techniques

- simple and reliable proof of material quality and functionaDili

of the sealing system.
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The testing program should determine whether and to what degree a

destruction of the examined material by rodents after a given in

stallation can be expected. We followed the testing program for the

obtaining of an expert opinion from the ad hoc working committee

"Rodent resistancy of plastic-sheeting used as a water-secure seale]

from July 15,1975 as well as a review on September 13,19~7 at Aacher

We used muskrats (Ondathra zibethica), that are for water constructj

Germany I 5 most dangerous gnaWing and burrowing animals.

Testing Facility

The material lay evenly in two walled fields (4.5 x 2 m and 6.5 x 2

with entrance posssibilities from above over catwalks as well as

underneath the liner through ground level op2nings in the walls (crE

tubes). The total size of the test basin was 35.12 m2
• From the

60 em high wall brims the sheeting was first of all layed out on an

embankment with a gradient of 1 : 2 and then at the height of 40 cm

horizontally. The rounding off radii were on the floor edges 0.5 m

and on the brim 0.25 m. The material was provided with high quality

liner connections (weld seams with overlaps) mOVing out from the

eorner~ in the extrusion direction. The welding t~mperature was

230°C. On two sides of each field, the sheets were connected without

protection but directly onto the boundary walls. The subfloor was

composed of a mixture of gravel and topsoil which was covered with

fine grained gravel of about 10 cm. The liner was also covered with

an up to 20 cm thick layer of low adhesive gravel. A water level of

30 cm was maintained in the preservation so that the test material

was always at least 10 cm above the water line.
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Behaviour of the Animals
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After completing the facility, 12 wild muskrats were introduced that

immediately entered the offered facility through the creep tubes.

Due to their natural shyness, the muskrats were only to be seen

during the night in the open water and feeding places. Their activitj

however, could be recognized by their appetites as well as their

intensive burrowing that was easily observed by the size of the soil

carried out through the creep tubes and deposited in the open part of

the enclosure.

Remarkable was that in spite of the great amount of soil carried out,

no siruun~ of the liner could be found. On one-corner where a portion

of the liner was not properly secured onto the surrounding wall, the

a~imals managed to gain exit to the top by pushing the sheet on one

side. Upon findin~ this defect, the exit was sealed up again. Traces

of the rodents were not found at this location.

'Material Behaviour

After the hottest days of the summer 1978 protrusions in open lying

or thinly covered areas of the liners had appeared, that had apparent

been caused by the heat. These areas were not used by the animals as

exi ts.

Because in the course of the rainy summer it was determined time and

again that the water saturated ground did not dry out from run off

or out flow and hence that the investigation was intact, the in

vestigation was extended a further two months i.e. till November 8,1~

During this period, it was attempted through short term increases in

water level to force the animals towards the top and induce new

confrontations with the test material.
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UnL'overinq

On ~ovember 11,1978 the test material was removed from the installat

ion. At that point of time no signs of change or damage to the lin~r

except for small weather caused deformations could be seen. After

removing the sand-gravel covering from the liner, further minor

welling ups were found. These were caused in the case of a regular

pattern from burrowing underneath the material. When irregular i~

shape, the deformations were traced back to temperature effects.

In the case of a regular shaped protrusion the sheets formed the

upper boundary of the tunneling system. In these areas no more soil

adhered to the raised material which points toward a direct contact

of the animals with the covering liner. The rest of the ground was

burrowed and full of tunnels much like a natural muskrat landscap~.

There were many food ca~hes in the labyrinth. The liners were then

checked for traces of gnawing or scratching. No changes could b~

found in the material.

In ConGlusion:

In the time between April 24,1978 and November 8,1978 the SCHLEGEL

sheets "VESTOLEN A 3512, black" was layed out in an enclosure with

captured wild rnu~krats. Based on the animals' behaviour, their inten~

burrowing activities, their creation of an exit to above by pushing

the edge of the sheeting out of the way as well as their tunnel con

struction in which the sheet was the roof, there existed sufficient

possibilities of aggression for the animals that were not utilized.

Looking back on the laboratory tests (see the report from April 11,

in which breeded rats attacked the material but did not damage it,

VESTOLEN A 3512 can be judged under the depicted ~or.ditions and a

correct installation technique to be resistant to native rode~ts.1

- J Signature Signature
---' T'..:_1. __ I''i .. l
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TRAI'>JSLATI ON:

8UhlDESANSTALT FOri MATERIALPRUFUNG
(BAM)

West Gcrmun Fcdcml Institute for Materials Testing -

TEST R.EPORT

N9.: 5.1/2453

1. Draft

. t

Qualities to be tested

.. /2

The samples will be tested for their rcsistance to termites with
a) forced eClting tC?sting and b) sC?lecUve eating testing.

" .
"\

\,
.' \:,.....

"

Received on: July 2, 1975

",

Schlegel Engineering GmbH
Sonninstrasse 18 - 26
2 Hamburg 1

The test material consists of four identical sections tal~en

from one specimGn of high density pol'yethylene I SCHLEGEL-Sheet I,

as ft is call cd by iho appl icont firm. TIle size of the test sections
conforms to the specifications of the German Industry Standnrd
DIN A 4 (20,0 x 29.7 cm).
The sections are approx. 2 mm thicl< I coloured black and very slightly
rough on one side, which wi" hereafter be called the lup~er I side in
this report.

Applicant firm:

,
Applied for in letter of: June 30, 1975

Test material received on: July 2, 1975
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1. Exper im0nl;,1 condit ion-.:;:

The test m::1loriClI wns cut into ~cctions of 3 cm x 3 em and subjected

to 'forced eDting testing' I where the termites have no olher food supply
ond must attucl~ lhe shoet to survive, and also subjected to 'selective

eating test~n~', where the termites have on alternate food sourcq.
The testing i'l::.tcd 8 wcel<s. The E:lmbient temperature and the relative
humidity were 26°C (7~P F) E:lnd 90-95%, respectively. At the

conclusion of lhe testing I the sE:lmolos wore examined under a binocular
microscopa for traces of gnawing damage.

.-'",

These tests were conducted w'ith two sp8cies of ground termites' Reticul iterme!:
flavipes O<ollar)'(Origin: South Carolina,' USA) and 'Heterotermes indicola
(Wns~an)' (Origin: Norther n India). ,-

0\.. •

" \

•. /2

"

•

' .• 2 Selective Eating Test Procedure:

.. .
For h,,'o tests 10 termites (5 larva and 5 pupa) were placed in the middle
of the section in a cy!indrical glass pi pe section (0 ,;.3 cm). For the other
four I the termites (once ngain, 5 larva and 5 pupa per test sect ion) were
pI aced on the outer meas of the test sect ion, so that they could gnaw on the
edge.

1.1 Forced Enling Test Procedure:_

This testing was conducted with Mediterranian dry wood -termites of the
species Kalotcrmes flavicoll is (Fabr.). K. fJ avi coli is is wei I known
for its destruction I resistance to various poisonous substances, and its
abil ity to survive in small groups, cmd is therefor e quite suitable for use
in testing materials and/or termite-proofing methods.

The alternate food source, a piece of wood attacked by fungus I was placed
In a gloSS beaker (¢ 9 cm, h ;: 12 cm). Over that cams an approx. 4 cm thick

-layer of 'Vermiculit ' (an expanding aluminium-iron-magnesium silicate with
high woter absorption) moistened with 300% water, 'when Reticul itermes was
used, or with 350~~lwhen Heterotcrmes was used.

This served as a layer for the termites to 1ive in, as well as, sources of
material for construction of their passages, and water. The sheet samples were

. pl,aced on a glass ring in such a manner that lh8ir ~ower surface coincided with
,the upper surface of the 'Vermiculit'
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For each tc~t wi til RelicuJ Hermes fJovipes 200 workers J 5 Gol diem and
2 pupa were put in the be<Jl~er. The b.qol<er wns then covered with a
per fomted screw-on topPor the t(Sts with Hcterotermes indicolu.,

Q group of 6S0 mg. (opprox. 500 termites) with a notural composition

was used. Three tests were corried out per speci es, six In nil.

,
The termites (ond the extent of thci r tunnel bui Iding) were checked twice

Q week ond wei ghcd (in the case of R.f/nvipcs also counted) ot the

conclus ion of the test.

A supplementary select ive eating test consisted of the following:
a 4 cm x 29 cm strip of test material was placed between two pieces
of wood in a Heterotcrmes indicola breeding basin for 12 doys, and thus
subjected to attack from lhousond of termites.

2. Test Results

2.1 Forced Eating Testing

. . .
The results of the forced 8ating testing are presented in Table 1.
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2.2. Setcctiv~ eating test

TDbio 1: nc~ul tc of forced euting tesJing on 'SCHLEGEL-Sheet I, termite

species uccd: the dry wood termite Kulotermes fluvicollis (Fubr.).

• The sample material was not poi sonous to thG termites. The survival rate
In the first six tests corresponded to lhat in the stmvc.tion test. When lmces
of gnawing were detoct able J thGY appeared uS rounded-off edges or 81 ightly
roughened surfaces J on bot h the upper cmd the lower samplo sides.. .

.
../5•

The results of this testing ore campi led in tabl~.2 •.

!Test Exposec.r- Sect ion Weight of termites Number of termites Dam:)ge to

No. pi uced on exposed 01 ive J pe( 10 original Exposed
sect ion termites - after Section

mq 4 weeks 8 weeks

-1 edge of upper side 120 8 0 no trace of

gnawing

2 .edge of upper side 120 9 0 I ight traces
gnawing vis. to the nQl'\cc-

3 edge of upper side 120 10 0 I ight traces

gnawing vi:::
to the ns. kc<

4 edge? of lowor side 121 10 0 I ight traces
- gnawing vi~

to the nuke'.- on shoot SL
~..-.~ --.... --- ._-~ ..---~ ..~.- .
5 middle 119 10 0 very sl ight

.- .. ' . . ... .. - -. of gnnwing

~]mi~d~
-------. - ---

120 10 3 no trace of

- gnawing
.. .--

Termite starvation test 120 8 0 (nothing in

containGr:.

-T
-~

-f
-l

-I

-
-1 '-

)

- -~

- I

- I

- j

- j

'--

-j

-~

-II

!
-1
-J



,

- \

--j

- ]

--I .
I

-"--,

- I

--~

- ::1

-1

-\
-I

-
-
-1
-l
- :1

- -II

•

TobIe 2: Results of tho selective eciring lesting with t SCHLEGEL-Sheet'

lcrmil<.: sp::-cies used: neticulitermos flnvi pes U<oll<lr) nnd

Hcterolc.·rrnes indicoln (Wasman).
,
,

Termites Test Weight nnd Number of Dnmnga to Snmpl e
Termites

at stmt+ ufter 8 weeks

1 534 mg 453 mg
200 W, 5 S, 145 W, 7 S, no damage
2P 1 P, 1 Neo

2 554 mg 479mg
C/) 200 W, 5 S, 155 W, 7 S J no dumage
OJ

2P 2P0..

>
(Ij- 3 . 549 mg 524 mg....
• - 200 W, 5 S, 166 W, 7 S, no damggc((

2P 1 P

1 650 mg 490 ~g .
. . ..

.. ( 500) sl ight trac8s of gnawing

ro 2 650 mg 470 mg
0 ( 500) . no darn8ge
0

"0
·c 3 650 mg 466 mg.-

. • ( 500) . no dC:l.lnugeI

+
) VI/ = workers, S :: sol diers J P :: Pupa, Neo:: Neophyte

As in the previous test, the snmple had no detecto.ble poi sonous effect on the
termites, the mod8rute decl inc in the number of I ivi ng lerm Hos is normal for
small groups such us thE:'se. At the concl usion of' testing, there wero dctoctab
gnuwing traces on only one sample.

As for the supplementary tost with the snmple strip, gnawing traces were
detected at several points. This damagc, however J did not extend beyond a

light rounding-off of the sheet edge for a I.ength of a few mm.I
-1
-J

Summ8ry and Conclusion:

The high-density polyp-thylene 'SCHLEGEL-She-et l samples, in fnetory
condition, were subjcct ed to forced eating tests with the dry wood termite

Kalot ermes flavicol J is (Fubr.) and to selective eating tests with two

."



The traces pf gnuwing lhat were detected could have no s igni ficance
for pructico.l cons j<..Jc:rut ions.
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The German test is comprised of 6 pClgCS.
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(signed)
Kuhne

..

:

Berlin-Dahlem, October 1,1975
Unter den Eichen 87
Bundesanstalt fUr Mnterialprufung (BAM)
Department 5, Technical Group 5.1

.. /6

different termite ~pccic:;, Reticulitcrmes frnvipcs (I-(ollm) nnd
Hctcroterrnr.:s indicol u (Wnsman). In that, whol I Htle dom:Jge

th<:lt occured wo~ I imi ted to very I ight rounding-off of edges and

weal< surtnce rouGhening, the sheet is considered t.crmite-proof ~

(signed)
Gersondc

,,

•-1
--~

-I
-J
-I
- -!

-\
-j-

-J
-I
-1
-!
-I
-j

-1
-J

)

-l
-f.1

-J

July 15, 1976
Et/Lo

•



SCHLEGEL LINING TECHNOLOG~INC.

LONG TERM PHYSICAL PROPERTIES
OF SCHLEGEL HOPE LINER

UNDER DIFFERENT TYPES OF STRESSES

Tel: (409) 273-3066 [Conroe)
(713) 350-1B13 [Houston)

Telex: 782745

200 South Trade Center Parkway
P.O. Box 7730
The Woodlands. Texas 773BO
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(1) Creep

(2) Relaxation

(3) Flexural Fatigue

(4) Stress Crack

Creep: Creep is the continued elongation of a plastic material under load
for an extended period of time.

For example if you have a plastic sample under constant nominal stress, the
sample would elongate.initially and then continue to elongate as shown in
the foll owi ng di agram. ~ ~~

:~HP~PESAMPLe JNITIAL HEI&f-Jr I3ErCRe
r-------l.J.~-__i. 04 PR,.Y/Nb S T RESS
CONST. Lo-40

L.. ~....J H£I&J.lr IMMi:PI4T£LY

~::..:...==--_-.:; fo ~~'. AFTER. APPLYIN& STRESS
r - _.- - - /5'" y12.
-~-- - -., 20 'If;.
L -----, 25' y~.1------., 30 '1fl.
L_ --- ---l 3S ytz.

Notice that the increase in elongation is proportional to the change in
time. This means that the relationship between elongation and time is
linear as shown in (1) of the time vs strain curve. Line (1) shows how a
sample will develop permanent plastic strain.
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When the amount of constant load is increased, then the initial strain is
increased and the rate of elongation or strain per unit time is increased
as shown in line (2). The slope of this line is greater than that of
nne (1).

When the stress approaches the yield point on the stress-strain curve, the
rate of strain per unit time is no longer linear. The strain vs time curve
will become curved as shown.

t Time
The reason for this is that you are not in the area of the stress-strain
curve where there will be an increase in strain without any increase in
stress. This will occur generally in a short period of time.

Temperature has an effect on creep in that creep rate increases with
increased average temperature. Creep is a very slow process, a phenomenon
that is affected by temperature and amount of stress. The next diagram
shows the behavior of Schlegel HOPE under "creep" based on laboratory
testing; however, this data cannot be used for dimensioning calculation
as the exact stress levels present in field applications are generally
not available. The test was carried out under a constant stress equal to
jO% of yield strength in a 5% wetting agent solution without any resulting
fracture.
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At 50'C (In'F)
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At 23°C (73'F,
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Creep Behavior
In creep testing. a specimen is subjected to a
constant nominal stress and the deformation deter
mined as a function of time. The rate of deformation
will increase for increased stress and/or increased
test temperature,

-3-

10'10'

Time (T) In Hours

10-1010

10-

-
-I

Typical deformation (e) vs time (T) under constant load (u).

*In general from above chart it is evident that creep will have a very
negligible effect on Schlegel sheet for its design life.
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RELAXATION

Relaxation is the ability of a plastic material to realign its crystalline
structure in order to relieve itself of stress over a long period of time.
If you were to take a piece of HDPE sheet and put a constant strain on it,
there would be an initial stress in the sample due to the strain. If the
relaxation time is long enough the specimen will return to the unstressed
state, i.e. the stress will eventually go to 0 as show~ in the next diagram.
()

Stress

- j .. ,'S
lnl tla tress .-.-

-
-

Typicalfensile s.!:ess (e) vs time (T) under constant load (u).

L..... -c Time

In laboratory tests a sample of Schlegel sheet is subjected to a constant
deformation and the stress is determined as a function of time; see figure
below.
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Relaxation Behavior
In relaxation testing, a specimen is subjected to a
constant deformation and the stress is determined
as a function of time. If the deformation is small
enough or the relaxation time long enough, relaxatic
will be complete, i.e. the specimen will return to thl
unstressed state.
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As you increase the temperature~ the length of time required for
relaxation will be decreased. This ability of HOPE to relieve itself of
stress is very important. In a situation of differential settling in a
basin or a landfill~ the sheet will have some initial stress but would
eventually relieve itself of this stress. Other types of material will
either maintain the stress or the stress will increase ln the material.

In general Schlegel ® sheet has an optimal combination of both creep and
relaxation properties. Because of the excellent elongation properties of
Schlegel ® sheet~ its creep characteristics (behavior under constant
stress) are unimportant compared to its relaxation characteristics (behavior
under constant elongation).

FLEXURAL FATIGUE

Due to its high coefficient of thermal expansion Schlegel ® sheet shows
pronounced waviness when exposed to cyclical temperature fluctuations or
high-intensity sunlight. In order to simulate the flexural loading found
under these conditions, sheet and weld samples are periodically flexed in
a special test apparatus. This test determines mechanical degradations
of the liner resulting from daily thermally induced expansion and contraction
simulating a temperature change of 100°C, i.e. 6T = 100°C (-30°C to +70°C).
The Schlegel flex test cycles up and down once every second. The flexing
action causes expansive stress on the outer surface and compressive
stress on the inner surface. "Hysterisis" a form of he-at is generated by
stressing polye thylene molecules. Hysterisis gradually weakens the material
over a long period of time and causes flexural fatigue which results in
cracking of the material.

Schlegel ® sheet typically shows time to failure (flexing before crack)
above 20,000 cycles which gives an expected service life of approximately
25 years under this condition.

This is the susceptibility of plastic materials to environmental stress
cracking under the constant influence of a surface active agent. In
general it is the failure of a material due to combined effects of corrosion
and stress.

The stress-crack properties of Schlegel ® sheet are determined in the
Bell test according to ASTM 01693. Samples are subjected to constant de
fonnation in a 100% wetting solution (100% Igepal) at 100°C. No fractures
are observed even after 1000 hours. Minimum acceptable test period is
however 500 hours.

The following diagram shows sample formation and conditioning.
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WEATHERING RESISTANCE OF SCHLEGEL~ SHEET FROM HOPE (HIGH DENSITY POLYETHYLENE
VESTOLEN A 31S?

Comments of Schlegel Engineering GmbH, Hamburg

1. Weathering and other environmental effects which cause lasting
material changes are generally known under the term ageing.
The material changes can be noticed through a change in the
mechanical properties. Under certain conditions. a change of
the mechanical characteristics can permit an estimation of the
material's life span.

Increased temperature and UV radiation, are with polyolefins,
the primary cause of ageing. The effect of temperature in
crease is termed thermal-oxydative, and that of UV radiation
as photochemical deterioration. Both modes of attack can be
simulated in laboratory tests. Previous experiences show also
how the results of such lab tests can be transferred into
practice.

The SCHLEGEL® Sheet is produced from Vestolen A 3512 (High
Density Polyethylene). a relatively low density HDPE with a
resulting increased flexibility to which is added a 2 % by
weight carbon black to increase the ageing resistance (UV
s ta bi 1i ty) .-

- J
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2.
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The Chemische Werke Huls AG (Veba-Chemie) carried out exten-
sive laboratory long term ageing tests on these SCHLEGEL® Sheets.

In addition to this, Schlegel Engineering took material from
projects completed up to 4 years earlier for ageing tests.

Laboratory tests by the Chemische Werke Huls AG (Veba-Chemie)
on Vestolen A 3512. black .

Normal photochemical attack (Xenon test 450 according to
DIN 53387

By up to 5,000 hours (this period of testing can be com
pared to some 25 years under mid-European climatic cond
itions), no deterioration could be determined in the
mechanical properties.

Thermal-oxydative attack

The results of these tests allow an extrapolation by purely
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thermal attack of 500 C. for a life span of more than 50
years.

Combined attack (thermal-oxydative with increased photo
chemical attack, Xenon test 150)

After a tes t peri od of 10,000 hours, no change coul d be
determined up to the yield point in the behaviour of the
material. However, the elongation at break reduced by
50% of its original value.

A corresponding evaluation of these test results shows that,
with photochemical and thermal-oxydative ageing up to an
average temperature of SOOC in a mid-European climate, a
life span of more than 20 years can be expected.

Determination of the weathering resistance of Vestolen A 3512
from already installed projects.

For the past 5 years, the material Vestolen A 3512 has been
used to produce SCHLEGEL§ Sheet. During this time, more
than 2 million souare meters have been installed, without any
case of failure due to the material (through ageing) having
occured. -

Two projects from arid climate (Basrah, Iraq, and Sar Chesmeh,
Iran) and three projects in Europe (Burghausen and Galing.
Germany, as well as Vienna, Austria) were used for this purpose.

After certain periods. samples were taken from these basins and
short time tensile tests according to DIN 53455 were carried out
on these samples at the Schlegel Engineering laboratory; the
mechanical properties such as elongation at yield and ~reak

tensile stress at yield and break were determined.

The resulting properties are resumed in Table 1:

Sample Yield Break

Taken Tensile Elongation Tensil e Elongation
Stress Stress

Project Years PSI % . PSI %

Bashrah 1 2745 15.5 4394 880
Sar Chesmeh 1 2531 15.0 3200 760
Burghausen 3 3057 13.8 4550 860
Ga1ing 3 3228 13.0 4181 830
Wien 2 2588 15.4 3967 850

4 2616 15.0 3854 855
Vi rgin
Test 0 2560 14.0 3413 800
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Table 1

Mechanical properties from the short time tensile test according to
DIN 53455, determined on SCHLEGEL ® Sheet at different exposure times.

The last row in Table 1 shows the original typical values.

When comparing these with the determined values, one may conclude
that no siqnificant material chanqes occurred. All values are
within the-range which is determined by discrepancies when carrying
out and evaluating the tests as well as by the fluctuations in
the base material values.

It has, therefore, been proven that the properties of SCHLEGEL®
Sheet, determined in the short time tensile test, had not yet
undergone any prejudical changes, even after up to 4 years of
weathering in different climatic conditions.

Hamburg, August 1980

KI1/mrn

Dr. F. W. Knipschild
Schlegel Engineering GmbH
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SUddeutsches Kunststoff-Zentrum WUrzburg
South German Plastics Center Wurzburg

Institutefor Plastics Processing, Application, and Testing.
officially recognized Plastics Testing Institute

TEST REPORT

No.: 7446/77

- Commissioning firm: Schlegel Engineering GmbH
Bredowstrasse 33
2000 Hamburg 74

This report is comprised of 6 typed pages and - appendices

Testing of SCHLEGEL Sheet samples from
Galing disposal pit, Stage 2, (Lot 4)

Wurzburg, August 2, 1977

Acting Institute Director

Kni/By

Group Leader

(signed)

Dipl.-Phys.G.Posche1

Reference:

(SEAL)

Hay 26, 1977

(signed)

Commission:

Date of Commission:

Dr.-Ing.J. Zehren
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1. Testing Commission

On May 26, 1977 Schlegel Engineering GmbH, Bredowstrasse 33,

2000 Hamburg 74 commissioned the SUddeutsche Kunststoff

Zentrum - SKZ - to conduct tests on SCHLEGEL Sheet samples

from Section 2 (Lot 4) of the Galing disposal pit.

2. Test Material

The following test material was sent to SKZ by Wersche

Consulting Engineers, Bahnhofstrasse 14, 2900 Oldenburg

on July 15 and 18, 1977:

"- Sample Roll Description Date of Comment~

No. No. Excision

1 I\ 412 July 12,77

2 R 413 I •

3 R 415 ••
4 R 416 ••
5 R 418 ••
6 R 419 ••
7 R 420 ••
8 R 422 ' .
9 R 423 ' .

10 R 424 ••
11 R 426 ••
12 R 427 ••
13 R 428 • •
14 R 433 • I

15 R 434 • I

16 R 435 ' ,
17 S14/S1Scmb./seam ' ,
18 W18/W17cmb./scam ' r

19 N14/N15emb./scam ·,
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Sample Roll Description Date of Comment
No. No. Excision

20' Berm seam July 12,1977 x
North emb<lnkment/West

21 Berm seam ' , x
West embankment

22 Berm seam ' , xx
South embankment

23 013/014 - July 15,1977 -
24 N26/N26 - , ,
25 Berm seam ' ,

East embankment

26 Berm seam ••
North embankment

An 'x' in the comments column indicates that the sample is

mixed sheet material of 4"541R and 3512 (4535) welded with

3512.

An 'xx' in the comments column indicates th<lt the sample

is sheet material of 4541R welded with 3512. All other

samples are 3512 sheets welded with 3512.

Each sample was approximately' 300 rnm x 230 mm in size.

Samples 1-16: PE sheet with flow marking

Samples 17-26: PE sheet with overlap weld seam •.

3. Testing Procedure

3.1 Thickness Determination

The thickness of the sheet (not including the flow mark area

was determined as per DIN 53 370 (76). Each value given is

an average value for 10 individual measurements.
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3.2 Gross Density

The gross density was determined according to DIN 53 470 (54)

Section 7.2. Each value given is an average for 3 individual

measurements.

3.3 Melt Index

The melt index was measured according to DIN 53 735 (70).

Each value given is an average for 5 individual values. The

melt was cut off every 30 seconds.

3.4 Tensile Testing

The tensile testing was conducted according to DIN 53 455 (68:

under 23°/50% rel. hum. normal conditions specified by

DIN 50 014 (70).

Samples 1 to 16 were No. 4 dogbone specimens taken parallel

to the direction of extrusion. The test speed employed was

Speed V. The properties determined were the yield strength6s'

elongation at yield£,) , the tensile strength at break GR.
and the elongation at break E~ , each given as an average for

3 individual tests.

The specimens taken from samples 17-26 were No.5 dogbone

specimens with a weld ·seam in the middle of the gauge length

running perpendicular to the axis .of loading. The test
speed used \-Jas Speed III; the yield strength G".r was the

property determined.
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4. Results

-
4. 1 Thickness

"1

- I
4.2 Gross Density

- I
4.3 Melt Index

--I
Sample Thickness Standard Gross Density ·Melt InC:

-( No. (nun) Deviation (g/cmJ
) MFI 190 c

(g/10mir

-1 1 2 .. 6 0.'1 0.941 1.3- 2 2.4 0.09 0.941 1 .3

-~
3 2.4 0.14 0.945 1.5

4 2.5 0.12 0.945 1.5

-1
5 2.6 0.08 0.940. '.3

6 2.8 0.05 0.943 1.4

l
7 2.6 0.17 0.939 1.3

- 8 2.6 O. , 1 0.940 1.4

9 2.7 0:11 0.940 1.4

- I 10 2.9 0.10 -0.944 "1.3

11 2.9 0:08 0.945 ·1 .3

-1 12 2.6 0.08 0.940 1.3

13 2.4 0.09 . 0.939 1.3

-j 14 2.6 0.14 0.940 1.4

15 2.9 0.11 0.944 1.4

- -i
16 2.5 0.17 . 0.939 1.4

I

-~

j

-1
-1



I I I I I I I I I I I I
I I I I I I I --...---J ~ -..---L..J -L-.J

_1- -- -- ~

> -'- -LJ L- ,~ -~'

L.--J
-'- '-

lsile Testing

No. 1 2 3 4 5 6 7 8 9 10

;trength (kp/cm2
) 205 211 212 212 204 208 204 210 205 205

Ia

:-d Deviation (kp/cm2
) 4,8 1 ,7 '4,2 6,7 3,5 2,0 5,1 2,6 6,7 1 ,6 ~

:ion at Yield ( %) 13 .15 15 16 15 is 17 17 15 15
~

:-d Deviation (%) 1 ,2 1 ,.2 1 ; 2 0,5 1 ,2 1 ,2 1 ,2 1 ,2 , ,2 . 1 ,2 Q
:;,

(kp/cm2 )
. Ul

~ Strength at Break 332 . 315 366 353 310 312 318 310 317 359 ~.

~

rd Deviation (kp/cm') 8,7 9,2 22,3 .31,9 6,1 20,4 13, a 18,3 6,1 27,7
Q

::ion a t Break (%)
8

911 882 996 984 871 895 920 911 900 99,. (i)

til

cd Deviation ( %)
32,~ 42,4 32,7 54 ,1 28,1 36,1 28,1 50,0 8,0 43,1

rt
~.

:;,
\0

No. 11 12 13 14 15 16

:;trength (kp/cm2 ) 202 206 201 209 201 205

:-d Deviation (kpjcm2 ) 3,3 4,0 5,4 3,4 7,4 8,8

:ion at Yield (% ) 14 15 14 15 16 16

:"d Deviation (%) 0,6 1 ,2 0,8 , ,2 0,5 0,4

~ Strength at Break (kp/crn2
) 324 315· 294 311 334 318

:-d Deviation (kp/cm') 17,4 4,3 6,9 20,2 14,3 12,1.
:ion at Break (% ) 937 901 843 892 947 943.
:-d Deviation (5) 36,1 16,2 24,1 36,7 14,1 20,S

NQ. 17 18 19 20 21 22 23 24 25 26

;trength (kp/cm2
) 182 185 179 225 197 187 180 186 192 225

~d Deviation (kp/cm') 2, , .4,7 4,6 7,2 0,9 2,2 5,1 1 ,4 3,7 3,9
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Summary

The gross density and thickness of the sheet showed

deviations of the order to be expected.for this type of

production process. The deviations in the melt index values

are normal for differing polyethylene batches. Samples 1 to

16 - sheet samples - showed good quality.

The weld seam quality was evaluated in tensile testing of

samples 17 to 26. The yield point of the sheet mDterial was

attained; bottlcnccking occured away from the weld seam.
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translaeion by D.Ettcr

August 1978



Director: Baurat h.c. Dr.H. Tschlammer

Vienna, Austria

August 16, 1978

OSTERREICHES KUNSTSTOFF INSTITUT

~ustrian Plastics Institute

Authorized Testing Institute of the Federal

Ministry of Trade and Reconstruction of

February 17, 1955 ~

Test Certificate

Schlegel Engineering GmbH

BredowstraBe 33, 0 2000 Hamburg 74

Specified in letter of June 6, 1978

from Kni/by and in discussions

with Dr.lng.F. Knipschild and Prof.

Dr.lng. R. Tapproge.

Applicant Firm:

Testing Commission:
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Date samples arrived: June 22, 1978 and July 27, 1978

Description of Commission: 1) Testing of materials properties.

Samples submitted: SCHLEGEL-Sheet samples, both sheet

and welding seam samples.
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Test Material: SCHLEGEL-Sheet of VESTOLEN 3512

with respect to use as a lining

system for media potentially

dangerous to ground water.

-\

-.1

specified and comparison with

existing German Test certificates

2) Description of the material

3) Evaluation of suitability for this



D 2000 Hamburg 74 - BredowstraBe 33

1. Physical Testing

Description of Experimental Methods and Results

- ~~1

-~

-l
1.1 Gross Density according to DIN 53479

The suspension method was used; the test medium was a .

- mixture of methanol and distilled water.

Gross Density in g/cm3
: 0,941
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1.2 Qualitative Carbon Black Detection

Samples of the sheet material were dissolved in tetra

hydronaphtalene (tetralin) at its boiling point. The inso

luble residue was collected by means of centrifuge and washed

several times with the solvent. The dried residue was inso

luble in inorganic nonoxiditing acids as well~as in inorganic

bases. Total insolubility was also observed for common

or~anic solvents. Combustion of the product yielded only

carbon dioxide.

Conclusion: The black coloring of the SCHLEGEL-Sheet

is due to fine particles of atomic carbon (carbon black).

1.3 Melt Index according to DIN 53735

The test temperature was 190°C.

Melt Index 190/5 1,3 g/10 min

190/2,16 : 0,39 g/10 min

1.4 Crystalline Melting Range according to DIN 53736

The crystalline melting range was determined using

a Kofler microheating table polarization microscope.

CRISTALINE MELTING RANGE IN °C: 122-125

./.
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Page 3 Test Report for SCHLEGEL ENGINEERING G~IDH

D 2000 Hamburg 74 - BredowstraBe 33

1.5 Thermal Shrinkaqe

The changes in linear dimensions after high tempe

rature curing were determined as per DIN 16925. The speci

mens were cured at 105°C for 60 minutes.

b) The average change in length along two perpendicular

axes (A and B) were as follows:

1.6 Tensile Properties according to DIN 53455 including

Modulus of Elasticity

a) Bubble formation was not observed on a~y of the spe

cimens after cooling.

Yield Strength in N/rrun2
: 16,6 16,2 10 mm/min

Elongation at Yield in %: 13,6 12,9 10 nun/min

Ultimate Tensile Strength in N/rrun2
: 26, 9 27,6 100 mm/min

Tensile Strength at Break in N/rrun2 :26,9 27,6 100 mm/min

Elongation at Break in %: 1000 960 100 mm/min

Modulus of Elasticity in N/rrun2
: 770 740 10 mID/min

-0,6%

-0,1%

. / .

Parallel Perpendicular Testing Spl

Change' in. length for A (parallel to extrusion)

Change in length for B (Perpendicular to "

Direction

The tensile testing was carried out according to

DIN 53455 using a precalibrated electronic tensile testing

machine at two test speeds. The specimens were taken along

both the parallel and the perpendicular axes and were

dimensioned according to specimens size No.5

"Each value given below is an average value for 5

individual test runs .
-

--~
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1.7 Tear Propagation Force according to_DIN 53356
,

'Specimen thickness (Average) In mm: 3,2

Tear Propagation Force ln N: 932 (Notch parallel to the direction
of the extrusion)

Tear Propagation Force in N: 925 (Notch perpendicular to the di
rection of the extrusion)

The sheet's chemical resistance was determined using

the testing procedures of the "Design and Testing Guidelines

for Indoor and Outdoor Plastic Liners of Catchment Basins or

Areas Containing Potential Groung Water Pollutants" (June 1977,

sections 4.4 and 4.11) as a general guideline. Two types

of specimens were used: No. 5 tensile test specimens accor

ding to DIN 53455 taken in the direction parallel to extru

sion as well as s9uare specimens 50 mm by 50 mm. These spe

cimens were cured in the testing media listed below for 28

days at a temperature of +23°C ~ 1°C. The changes in weight

of the square specimens were measured at 4, 7, 14 and 28 days.

Each time, the specimen was removed from the testing medium,

rinsed with distilled water, dried with filter paper and then
. .

weighed at room temperature for a duration of 1 minute.

The No.5 tensile specimens were removed after 28 days from

the respective testing media, rinsed with distilled water and

temperature cured' for 72 hours at the DIN 50014 normal condi

tions (23°C/SO% relative humidity). Tensile testing only was

carried out for the samples covered in sections 1.8.1 and 1.8.2

(distilled water and EL heating oil) .

-\
-I
-I
-l
-(
- ] (

--~

1
-I

-I

-J
-J
-1
- i
-.I!

-I
-'j

-J

Testing Speed 100 rom/min

1.8 Chemical Resistance

1.8.1 Distilled Water

lnunersion:

Tensile Strength at Break in N/mm2 :

Elongation at break in %:

.-

28 days

27,1 (control value 26,9)

860 (control value 1000)
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Test Medium:

Mono- and Difunctional Alchohols, Ethylene Glycol

Immersion:

Tensile Strength at Break in N/mm2
:

Elongation at Break ln %:

-1
-I
-I
-J
-l
-J

1. B. 2

1. 8.3

EL Heating Oil

28 days

24,6 (control value 26,9)

850 (control value 1000)

48 Vol % Methanol

48 Vol % Isopropanol

4 Vol % Water

-
.• J

!

Immersion in days: 4 7 14 28 Control value

Change in vleight in 9, • +0,050 +0,052 +0,070 +0,090o •

Tensile Strength at Break in N/mm2
: 27,4 26,9

Elongation at Break in 9, • 900 1000o •

••
1 .8.4 Aliphatic Chlorinated Hydrocarbons (C2)

26,9

1000

+19,8

26,9

980

+19,2

Ethylene trichloride

14 28 Control value

Test Medium:

Immersion in days: 4 7

Change in Weight in %: +18,4 +19,0

Tensile Strength at Break'in N/mm2
:

Elongation at Break in %:

.• [

.• I
.I

50 Vol % Ethyl acetate

50 Vol % Methylisobutylketone

7 14 28 Control value

Aliphic Ester and Ketones

··1
.. -j

-J
)

.- 1

•• j

.- J

1. 8.5

Test Medium:

Immersion in days:

Change in Weight in

Tensile Strength at

Eiongation at Break

4

%: +0,79 +,1,36

Break in N/mm2

in %

+1,82 +2,76

25,3

940

26,9

1000

./ .
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1.8.6 Aliphatic Aldehydes

Test Medium: 40% aqueous solution of Formaldehyde

Immersion in days: 4 7 14 28 Control Value

Change in Weight in S1, • 0,39 +0,60 +0,81 +0,92o •

Tensile Strength at Break in N7mm2 27,2 26,9.

Elongation at Break in %
0"

910 1000

1.8.7 Aqueous Solutions in Organic Acids, up to 10%

Test Medium: 10 wt % aqueous solution of acetic acid

Immersion in days: 4 7 14 .. 28' Control Value

Change in Weight in %:+0,025 +0,055 +0,081 -+0,021

Tensile Strength in N/rnn12
: 23,8 .. 26,9

Elongation at Break in % 920 1000

1.8.8 Inorganic Acids - except for Hydrofluoric Acid

and Acidic Salts (pH 6) in Aqueous Solution up to 20%

Test Medium: 20 wt % aqueous solution of sulfuric acid

Immersion in days: 4 7 14 28 Control value

Change in Weight in %:+0,028 +0,11 +0,12 +0,13

Tensile Strength in" N/mm2 r 27,9 26,9

Elongation at Break in % 930 1000

1.8.9 Inorganic Bases and Alkali Salts (pH 9)

in Aqueous Solution up to 20%

Test Medium: 20 wt % aqueous solution of sodium hydroxide

Inunersion in days: 4 7 14 28 Control value

Change in ~'leight in %:+0,017 "+0,021 +0,058 +0,19

Tensile Strength in N/mm2
: 26,4 26,9

Elongation at Break in %: 930 1000

./ .



Test Medium: aqueous solution of sodium hypochlorite,

5 % active chlorine
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Immersion in days: 4 7 1 4 28 Control valUE

Change in Weight in 9- • +0,030 +0,033 +0,036 +0,059o •

Tensile Stregth in N/mm2
: 29,0 26,9

Elongation at Break in 9- • 940 1000o •

Testing Medium: 5 wt % aqueous solution of phenol

Immersion in days: 4 7 1 4 28 'Control valUE

C~ange in Weight in 9- • +0,15 +0,17 +0,19 +0,24o •

Tensile Strength in N/mm2
: 27,7 26,9

Elongation at Break in 9-. 850 1000o. ."

'"
1

1.8.10 Aqueous Solution in Phenol·

1.8.11 Aqueous Chloric Base

-~

-1
- I
-1
.- )

.- -1

,- j

-J (.•

I_~

1.9 Vicat Softening Temperature according to DIN 53460

The Vicat Softening Temperature VST was determined

using the loading force specified in Procedure B. The heat

transfer medium employed was a special parrafin oil.

Result:

VST/B = 72°C .

The material's cold shortness properties were inves

tigated by means of rod-base flexural testing as per DIN 51949.

The test specimens were strips 25 mm X 250 mm, taken from

the sheet samples parallel to the direction of the extrusion.

The thickness of the specimens was the same as the sheet sam

ples (average 3.0 rom)

The flexural testing was conducted in a large refri

girated chamber. Each strip specimen was flexed by hand in

a period of 5 seconds (following a 1 hour curing period at

the test temperature) to an arc of 180°C around a rod.

Cold. Shortness Properties1.10

•• J
)

.• j

.• I

-J
.. J

'. j

--1
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1.11 Penetration Resistance

Length of loading surface: 18 rom

Radins of curvature of edge: r = 0,5 rom

The wedge was symmetrical and was angled at 60°. It was pressed

perpendicularly into the sheet with a speed of 3 rom/min.

Result~: The average force necessary to penetrate the 5 indi

vidual specimens (23C?C.~ 1°.C) was 5600 N.

Strength of Welding Seams

Results:No fracture or cracking was determined, even under the

most extreme test conditions of -30°c (ambiant temperature)

and a 2 rom diameter rod.

The penetration resistance was tested 'in such a manner

as to reflect localized compressive tressing to the sheet due

to sharp objects, such as cracked rocks. Square sheet samples

50 rom X 50 rom in their original thickness (approximately 3 rom)

were placed flush on a.20 rom thick concrete slab. A universal

testing machine was used to load each specimen with asteel

wedge of the following dimensions:

1. 12

The applicant firm supplied several weld seam samples,

in each case with the seam running parallel to the direction .

of the extrusion. Tensile testing as per DIN 53455 was conduc

ted at a speed of 100 mm/min in order to eval~ate the weld

strength .

'-l
I

.- J

.- I

.- -1
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The welds were tested as 50 mm wide "strip s~ples taken across

the weld and such that the weld· (overlap wi th a width of appro-. ... ......

ximately 50 mm) was located in the middle of the specimen.

Control specimens were also tested; they differed only in

that they had no weld.

J.

-l

,- 1

,-I
.- !

Results of Tensile Testing: .-

Conclusions from Section 1 (Material Testing)

Thus, the following German Test Certificates have been

confirm in their content and can be recommended for unconditio-

nal approval to the Austrian Authorities.

1. Test Certificate No. 7402-1/77 of the SKZ Wurzburg, Aug.2G,1S

2. Test Certificate No. 7402-3/77 of the SKZ Wurzburg, Aug.30,1S

3. Test Certificate No. PA6654/76 Of the SKZ Wlirzburg, June 9,19

4. Test certificate No. PAS043/73 of the SKZ Wurzburg, May 10,19

Without Weld

18,1

With Weld

18,G

Specimen type:

Yield Strength in N/mm2

The quality of SCHLEGEL-Sheet, made from VESTOLEN A 3512

HDPE, is described in many test reports by officially recogni

zed plastics testing laboratories in Germany .. The foremost among

these is the South German Plastics Center (SKZ) in Wurzburg.

This German testing institution is very well known for its

exact testing work. The materials testing described in Sec-

tion 1 of this report, which in some cases had not been pre

viously conducted and in some cases repeated tests carried

out in"the Federal Republic of Germany as a check, confir-

med th~se previous quality·evaluations. Emphasis'was placed

on the materials properties covered in the Design'and Testing

Guidelines of the Berlin Institute for Construction Enginee

ring, "Design and Testing Guidelines for Indoor and Outdoor

Plastic Liners of Catchment Basins or Areas Containing Poten

tial Ground Water Pollutants."

_. I
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2. Description of the SCHLEGEL.- Sheet

2.1 Sheet Material

SCHLEGEL - Sheet is produced by the applicant firm using

a patented extrusion process in sections 10 m wide and of any,

length desired for a particular project., The ~erson whose signa

ture is on the right (Dr. Moros) was given the opportunity to

observe the SCHLEGEL-Sheet production process on March i, 1978.

The resin employed is a special high density polyethy

lene (low pressure production process) from VESTOLEN GmbH (sub

sidiary of CHEMISCHE WERKE HOLS AG and VEBA CHEMIE AG) with the

designation VESTOLEN A 3512. VESTOLEN A 3512 has a relatively

high molecualr weight and a narrow molecular weight distribution.

The sp~cial molecular structure of this resin gives it high re

sistance to stress crack corrosion .

VESTOLEN A 3512 con~ains finely divided carbon black

added by the manufacturer as protection against the effects of

ultraviolet radiation.

. The tensile'behavior of SCHLEGEL-Sheet produced from

VESTOLEN A 3512 is characterized by an elastic region up to the

yield point of about 15%. The modulus of elasticity is rela

tively low at about 800 N/mm2 • This is favorable in light of

the application fields of the material, as mechanical loading

can be offset by elongation, thus all but eliminating the pos

sibility of internal stresses.

The plastic zone follows the elastic zone and extends

to the materials extremely high elongation at break of over

800%. In addition, the material shows a good tensile strength

at break over 25N/mm2 •

The material also shows excellent cold-crack proper

ties. Fracture due to simultaneous mechanical loading and low

temperature embrittlement is not to be expected for Central



--J

-~

-

,-
,-
-
·-1

.-

·-1
I

1

I
.- J

I
_. J

,
.i

Page 11 Test Report for SCHLEGEL ENGINEERING GMBH

P 2000 Hamburg 74 - BredowstraBe 33

SCH EL-Sheet's penetration resistance, measured at

about 5. 6 KN/18 rnrn, p ovides protection. against penetration

damage caused by sharp rock fragments. Any damage which may

occur in spite of this is limited in scope by the materials

relatively high tear propagation resistance.

Chemical Corrosion: Attack to SCHLEGEL~Sheet by most

chemical reagents found in applications is either non-e~istant

or very limited. This is founded on our own experimental

findings (section 1.8 of this report), as well as on the content

of German Test Certificates concerning SCHLEGEL-Sheet and per

tinent technical literature on the subject. Most of the che

micals cause swelling, which for all practical purposes dis

appears after contact with the chemical is discontinued and

the absorbed liquid evaporates. Significant chemical attack

is observed for strong oxidizing agents at high concentrations,

especially at high temperatures. Pronounced dissolving or

swelling effects are also observed due to contact with aroma

tic hydrocarbons, chlorinated hydrocarbons, or certain solvents

(such as hydrated naphtalene derivatives), especially at high

temperatures.

00inting Technology

Extrusion welding proved to be a site jointing method

especially suited for SCHLEGEL-Sheet with regard to mechanical

strength and complete watertightness. In this method, the sheet

sections are first positioned such as to give a certain amount

of overlap. After the contacts surfaces are cleaned, they are

preheated with a hot air jeti._, the welding material, which is. /

the same as the base materiai" for the sheet (VESTOLEN A 3512) ,

is then injected as a melt between the surfaces, all in one

process. A pressure roller system then presses the sheets

.together, givin~ a homogeneous bond. Welds produced by means

of this process were investigated and found to have high strebgth

and to be free of bubbles, voids, or other inhomogeneities af

fecting quality.

I
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3. Application Fields of SCHLEGEL-Shee~

The main application in 'which SCHLEGEL-Sheet is used

as a liner for system containing potential ground water Fol

lutants are as follows:

Disposal pits for municipal, sewage, or industrial wastes

Holding basins for impure surface water in industrial plants

Oil sludge basins

Tanks and relay points'

Catchment areas in tank systems

A list of liquid reagents to which SCHLEGEL-Sheet has

satisfactory chemical resistance as per the "Design and Testing

Guidelines of the Berlin Institute of Construction Engineering ll

(June 1977) for Plastic liners has been established as a result

of testing described in section 1.8 of this report and the SKZ

reports mentioned previously:

Distilled water

El heating oil

All hydrocarbons

Mono- and difunctional alchohols, ethylene glycol
.

Aliphatic esters and ketones

Aliphatic aldehydes

Organic acids in aqueous solution up to 10 %

Inorganic acids except for hydrofulfuric acid and

acidic salts (pH 6) in aqueous solution up to 20 %

Inorganic bases and alkali salts (pH 9) in aqueous

solution up to 20 %

Saturated ~alt solution

Phenol and derivatives in aqueous solution up to 5 %

Lime milk

Wetting agents in aqueous solution up to 5 %

./ .
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The chemical resistance of .SCHLEGEL-Sheet was tested

primarily at 23°C, the temperature specified in the 23/50 nor

mal conditions of DIN 50014. Actual experience has nonetheless

shown that-the resistance is maintained to a satisfactory ex

tent in the moderately high temperatures found in Central Eu

rope. On the other hand, the chemical resistance is not dis

advantageously affected in any way by lower te~peratures.

Mechanical Loading of various types is encountered in

applications where SCHLEGEL-Sheet is installed as a disposal

pit liner, of which the following are of particular interest.

a) Constant Loading

These include loading due to drainage layers, pro

tection layers or structures on the sheet.

b) Time - Variable Loading

This group consists mainly of those loads dependent

on the level of the disposal _pit contents as well as compressi

ve loading caused by changing ground water level. Short term

loading caused by transport and installation equipment is also

included here.

c) Mechanical Loading Caused by Uneven Settling in

the Subgrade

This effect can be caused either by soil layers

in the subgrade with different settling behavior or by signi

ficant differences in the level of the disposal pit contents.

./ .
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d) Localized Compressive Loading

This result from loading by sharp objects such as

installation equipment or rocks fragments and is most likely

to occur during the installation phase.

The favorable physical propertie$ of SCHLEGEL-Sheet

give high security under these types of loading in field con

ditions. Of course, the disposal pit design must take all pos

sible types of mechanical loading into consideration and ensu-

re that none exceeds the physical properties of the sheet. In

addition, the weld seams must be carried out properly, exactly

as provided for by the installation procedures set by the manu

facturer, in order to garantee the soundness of the sealing

system.

Resistance to Weathering and Sunlight

The material used in the manufacture of SCHLEGEL

Sheet (VESTOLEN A3512) contains a carbon black component which

provides a stabilizing effect against high-energy radiation

bands. Sunlight and weathering exposure occurs particularly

when liners have partial covering layers (e.g. at basins edges)

or before the covering layer is applied. The applicant firm

has indicated that a separate testing commission will begin

with respect to the shett's long-term resistance to sunlight

and weathering exposure, which will be conducted as a supple

ment to this test report.

Laboratory Technicians-J
I

. (signed)

(G. Wonisch)

(signed)

(P. Pavlowski)

Department Supervisor of the

Government authorized

Testing Institution

(signed) .

(Dr. W. Moros)

Translated by D. Etter
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APPENDIX G

LANDFILL MONITORING REPORTS



- CRUCIBLE LANDFILL INSPECTION

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

Inspectors _

I. Crud bl e Landfill Prooer

A. Is all was~e placed within those areas specified in the permit

appl ication? _

B. Are any wastes deposited in the landfill that are not included in

the pennit application? _

C. Are there any blowing papers and litter beyond the landfill boundary?

-
-
-
-
-
-
-

Oa te'-------------- Time"-------------

-
-
-
-
-
-
-
-
-
-

D. Are there any vectors, dust or odor present?__~---------

Are they controlled? ___

E. Is salvaging taking place? __

Is it cantrall ed? _

F. Is there any indication that open burning has taken place? __

G. Is there any indication of decomposition gases being generated?

II. Crucible Landfill - General

A. Is access controlled by fences, gates, etc.? ___

Is access pennitted only when an attendant is on duty? _

B. Are on-site roads passable and safe? ___

C. Is adequate equipment available for proper operation of the landfill?

D. Is shelter provided for those personnel assigned to the landfill?

E. Are sound levels excessive beyond the facility line? _

F. Is there any indication of runoff from the landfill? _
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II I. Genera1

A. Are there any·unusual areas of dead vegetation on the Solvay Waste.

dikes? _

B. Are. there any areas of settling ar fractur;ng on the Solvay Waste

di kes? _

C. Is there evidence of severe dike erosion t~at needs immediate

remed ia1 attenti on? _
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PROJECT

METHOD OF READING

REFERENCE POINT

UtH::H:HVA IIUN YVt:LL Ht:AUIN\:i~

LOCATION

WEATHER CONDITIONS-
DATE TIME (S TART) TI M E (E-N D) I NITIA LS

----'----- ---- -------

-
-
-

-
--1
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DEPTH TO RE F.
WELL NO. ELEV •.

WATER tELEV.

,

DEPTH TO RE F.
WELL NO. ELEV.

WATER ELEV.
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INSTRUCTIONS FOR OBSERVATION WELL READINGS

1. Project: List objective of monitoring, for example, ~Landfill

Quarterly Monitoring" .

2. Location: General location of wells to be monitored, such as
landfill, plant, etc .

3. Method of Reading: Equipment used for measurements, such as water l~vel

indicator.

4. Reference Point: Description of reference elevations, such as "Top of
Casing".

...
5. Date:

6. Time (Start):

7• Iime (E nd) :

Date measurement occurred.

Time ~f first measurement.

Time of last measurement.

Weather Conditions: General description of weather conditions - sunny,
cloudy, etc.

13. Elevation:

11. Depth to Water:

12. Reference:

Initials of all personnel involved with measurements.

Number of each specific installation monitored.

Measured length from water level to reference point.

Elevation of reference point.

Reference elevation minus depth to water.

Well No.:

Initials:

10.

8.

9.
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CRUCIBLE SPECIALTIES METALS DIVISION
_I Inclinometer Data Sheet

-I

Observation Well No.

Sheet __ of __

CHKDCALCREADINSTRDATE . . .

DEPTH 1 s t 2nd AVG. 1 st 2nd AVG. DIFF. 1 s t 2nd AVG. 1 s t 2nd AVG. 011

-
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CALOCERINOS &SPINA, CONSULTING ENGINEERS

COST ESTIMATE

PROJECT Crucible Landfill SHEET NO.1 Of 3

LOCATION Geddes, New York
1

... ) ENGINE~R R. W. Klippel

ESTIMATE NO.434.062.003

OWNER Crucible Specialty Metals DATE 10/15/85

DESCRIPTION QUANTITY UNITS UNIT PRICE TOTAL COST REFERENCE

I. Waste Grading

Rouah Grade Wastes 42 ,600 r: v 3 39 144,414 ? 3-??-040

II. Excavation of Ditches

Peripheral Ditches 16,000 c.Y. 2.71 43,360 2.3-16-085

III. Buffer Layer I I

Furnish and spread 17,750 c.Y. 8.70 154,425 2.3-05-060
611 1ayer 304 Type 2

ComDact 6" laver 17 .7~0 r v 1 4.R ?f\ no ? 3-0R-nl1n

FlJrn;c;h i'lnrl .J 17 .7~0 r v R 70 1 ~4 .4?l:; ? ~-nc;-nhn

6" layer of 304 Type 2

Compact 611 1ayer 17,750 C.y. 1.48 26,270 2.3-08-040

Fi ne qrade and roll 106,480 S.v. 0.70 74.536 2.3-22-220
Subtotal Buffer Layer 435,926

-IV. Membrane Cover

Furn;c;h i'lnd Tnc: b 11 121 000 s.v. 4.95 598 950 ISr:hleael Est
60 mil HOPE Material

V. Drainaoe Blanket
Includinq Peripheral Dit ..:hes

Furnish and Spread 20.000 c.Y. 10.45 209 000 2 3-n~-n40

611 laver of 703-07
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- I PROJECT

CALOCERINOS &SPINA, CONSULTING ENGINEERS

COST ESTIMATE

Crucible Landfill SHEET NO. 2 of 3

LOCATION Geddes, New York- ENGINEER R. W. Klippel

ESTIMATE NO. 434.062.003

OWNER Crucible Specialty Metals DATE 10/15/85

CHECKED BYEXTENS IO~lS BYPRICES BY

OEseR IPTION QUANTITY UNITS UNIT PRICE TOTAL COST REFERENCE

VI. Vegetative Cover

Includes Peripheral Dit< hes

FIJrn;,h rtnn ,nrprtn 60,500 C.y. 9.35 565,675 2.3-05-080
18 11 layer sandy loam I
Gradinq and Rollinq 121,000' s.V. 0.70 84,700 2.3-22-220

Hydroseal and Fertilize 121,000 s.V. 0.41 49,610 I
I 2.8-45-100

Subtotal Veqetative Cov ~r 699.985

VII. Drainaqe Ditches
away from Landfill

Excavation of 4000 4.400 C.v. 2.71 11.924 2.3-11-085

LF of Channel to Lake

Dressina and Seedina 3 550 c v 1 47 5.218 ? R-41:)--O~'

of channel

Structures - Top Dike 2 each 40.000 80.000 Enqr Est.
Structures - Bottom Dik~ 1 each 50,000 50,000 Enqr Est.
Structures - Shore Ditc~

- 1 each 20,000 20,000 Enqr Est.
Subtotal Drainage 167,142

I

VIII. Subtotal Construction ost 2.298 777

Multinl;pd hv (itv (o,t Tnnpx X .937 Paae 345

IX. Adjusted Construction Co pt 2,153,954

,-
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PROJECT Crucible Landfill

DESCRIPTION QUANTITY UNITS UNIT PRICE TOTAL COST REFERENCE

Adjusted Construction C st 2,153,954

X. Plus Testinq Durinq Clo ure Period
A. Vane Shear Tests 8 each 5,000 40,000 Empire Quote

R Tnrli Rp;Hii nne::; lR Prlrh 7~() 13 ~()n Fmnirp nllnt~

C. Survevinq of Settlement 18" each 1,970 35,460 C&S Prices
C. Groundwater Monitorinq 3 each 61,000 183,000 C&S Prices

and Inspection - I
Sllhtntn1 Tpe::;ti no 271 ,960

XI. Plus Engineering Costs or
Contract lJocuments, Con tructlon
C' ,~~~ .. -: _-: ~~ _ • ..l T __ ~~~ .... ~

(7% of Construction Cos ) 150,777

XI I. Plus Legal and Administ '"at; on
Costs (15% of Construct on Cost) 323,093

-
XTTT P11IC:: rnnti TnV'

~~~n~lc~pated Costs ~t ~?~ nQ~o _ , .... _ .... -:_ _
~ ,~ ~~

XIV. Total Proiect Cost ,3,222.877

,.

CALOCERINOS &SPINA, CONSULTING ENGINEERS

COST ESTIMATE

LOCATION Geddes, New York

SHEET NO.3 of 3

CHECKED BYEXTENS IONS BY

ESTIMATE NO.434.062.003

OWNER Crucible Specia~ty Metals DATE 10/15/85

PRICES BY

ENGINEER R. W. Klippel

QUANTITI ES BY
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DETAILED COST ESTH1ATE - CLOSURE



CALOCERINOS &SPINA, CONSULTING ENGINEERS

COST ESTIMATE-
PROJECT Crucible Landfill-LOCATION Geddes, New York

_E~iGINE~R R. W. Klippel

SHEET NO.1 Of 3

ESTIMATE NO.434.062.003

OWNER Crucible Specialty Metals DATE 10/15/85

QUANTITI ES BY PRICES BY EXTENS IONS BY CHECKED BY- QUANTITYDESCRIPTION UNITS UNIT PRICE TOTAL COST REFERENCE

.. I. Waste Gradinq

Rouah Grade Wastps 42.fiOO r:.v 3 39 144.414 2.1-??-040

- II. Excavation of Ditches

Peripheral Ditches 16,000 C.Y. 2.71 43,360 2.3-16-085- I
III. Buffer Layer I I- ~urnish and spread 17,750 C.y. 8.70 154.425 2.3-05-060

611 layer 304 Type 2

- C:omoar:t fill laver 17.71:\0 c.v 1 .4R 26.?70 ? ~_nA_nl1n

Fllrni c:h rlnn c:nrPrln 17.71:\0 r v A 70 11:)4.4?11 ? ~_n"_M;n

- 6 11 layer of 304 Type 2

Compact 611 layer 17,750 c.Y. 1.48 26,270 2.3-08-040.. Fine qrade and roll 106.480 s.Y . 0.70 74.536 2.3-22-220
Subtotal Buffer Layer 435,926

-IV. Membrane Cover

Fllrnic:h rlnn Tnc:trlll 121.000 s.y. 4.95 598 950 Sr:hlpopl Fc:t- 60 mil HDPE Material

- V. Drainaqe Blanket
Includinq Peripheral Dit ~hes

- Furnish and SDread 20 000 C.v. 10.45 209.000 2.3-05-040

611 laver of 703-07

.-

.....
..
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CALOCERINOS &SPINA, CONSULTING ENGINEERS

COST ESTIf'lATE-
PROJECT Crucible Landfill-LOCATION Geddes, New York

-ENGINEE~ R. W. Klippel

SHEET NO. 2 of 3

ESTIMATE NO. 434.062.003

OWNER Crucible Specialty Metals DATE 10/15/85

QUANTITI ES BY PRICES BY EXTENS IONS BY CHECKED BY- DESCRIPTION QUANTITY UNITS UNIT PRICE TOTAL COST REFERENCE

-VI. Vegetative Cover

Includes Peripheral Di tl hes

FIJrnic::h rlnn c;nrprln 60,500 c.v. 9.35 565,675 2.3-05-080- 18 11 layer sandy loam !
Gradinq and Rollinq 121,000' s ..Y • 0.70 84,700 2.3-22-220...

!2.8-45-100Hvdroseal and Fertilize 121.000 s.Y. 0.41 49,610

Subtotal Veqetative Cov r 699.985 I
-I

VI I. Drainaqe Ditches- away from Landfill

Excavation of 4000 4.400 c.y. 2.71 11.924 2.3-11-085- LF of Channel to Lake ,

Dressina and Seedina 3.Ssn c.Y 1.47 5.218 ? R-4l)'-n11
of channel

"'!II

Structures - Top Dike 2 each 40.000 80.000 Enar Est.
Structures - Bottom Dikl> 1 each 50,000 50,000 Enqr Est.
Structures - Shore Di tc ~

- 1 each 20,000 20,000 Enqr Est.
Subtotal Drainage 167,142-

VIII. Subtotal Construction ost 2 298.777- Mu1tinlipn hv ritv rnc::t Tnnpy X .937 Paae 345

- IX. Adjusted Construction Co pt 2,153,954

-

"

-



- CALOCERINOS &SPINA, CONSULTING ENGINEERS

COST ESTIMATE

-PROJECT Crucible Landfill

LOCATION Geddes, New York

SHEET NO.3 of 3

ESTIMATE NO. 434.062.003

..ENGINEER R. W. Klippel OWNER Crucible Specia·lty Metals DATE 10/15/85

QUANTITI ES BY PRICES BY EXTENS IONS BY CHECKED BY- DESCRIPTION qUANTITY UNITS UNIT PRICE TOTAL COST REFERENCE

Adjusted Construction Cc st 2,153,954-
X. Plus Testing During Cloc ure Period
A. Vane Shear Tests 8 each 5,000 40,000 Empire Quote-R Tnrli Rprlrii nne::; lA A;:lrh 7'10 l1C:;OO I='mni ¥'A O••"tA

C. Survevina of Settlement 18- each 1.970 35,460 C&S Prices...
C. Groundwater Monitoring 3 each 61,000 183,000 C&S Prices

I and Inspection I- SlJbtntal Tpe::;tinn 271 ,96O

-XI. Plus Engineering Costs or
Contract Documents, Con tructlon
<:: '-~- ..,~,.l T~,..- ~ ...

·t A .~ t

)- (7% of Construction Cos 150,777

XI I. Plus Legal and Administ ation
Costs (15% of Construct on Cost) 323,093

- -
YTTT. D11I<:: r"nti T"¥,

y~~ntlc1pated Costs at 1?1.nQ1,..- ",v/u ~ 'v v ~~ v ~ .. ~~v

XIV. Total Proiect Cost .3,222,877

-
-
-
-
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The Automotive segment reported a 30 percent increase ir
operating income in 1984 on a 21 percent increase in sales,
reflecting improved business conditions in the North Americc
automotive and truck markets. Performance by the Automotil
segment was paced by Stemco Truck Products Division and
the three Holley automotive products divisions.

Aerospace segment 1984 operating income rose by 5 perCE
on a 5 percent increase in sales, led by Delavan Gas Turbine
Products Division. acquired for cash in July 1983. Menasco
Aerospace Ltd in Canada, and the Crucible Compaction Met<
Operation. I'-lowever, resu Its at the Menasco Texas and Chand
Evans Control Systems Divisions were down.

The Machinery and Equipment segment increased operatil
income by 43 percent on a 16 percent increase in sales. Leac
ing these increases were the Central Moloney Transformer,
Elox, Quincy Compressor, and Garlock Special Products Divi
sions. with improvement also achieved by the Pratt & Whitney
Machine Tool Division. Fairbanks Weighing Division operatin£
income was down in 1984.

Operating income for the Materials and Components seg
ment in 1984 was up 149 percent on a sales increase of 27
percent. Strong performances by Colt Firearms and Crucible

Results of Operations

Sales and Earnings
In 1984, the company's sales increased 19 percent to $1,868
million from $1,576 million in 1983. Net earnings of $132.2 million
in 1984, equal to $5.99 a common share. were up 33 percent
compared with 1983 net earnings of $99.3 million, or $4.01 a
common share. Return on sales was 7.1 percent in 1984, the
second highest in the company's history. and compares favor
ably with 6.3 percent for 1983. The company's strong perform

'j ance in 1984 reflects the higher level of activity in the industrial
- sector of the U. S. economy. All four industry segments and

most divisions achieved sales and earnings growth in 1984.
The Automotive, Machinery and Equipment, and Materials and
Components segments reported strong sales and earnings
growth in 1984, while Aerospace segment growth was more
modest. Gains in operating income were greater in the first
three quarters of 1984 than in the fourth quarter, as the slowdown
in the nation's economic recovery began to affect the perform
ance of some divisions. Partially offsetting the 1984 earnings
improvement were a higher effective tax rate, plant consolidation
costs, and lower interest income.

-

-
-
-
-

-
I

-~

-
-1
-

Selected Financial Data
(In thousands. except per share and employee data) 1984 1983 1982 1981 19

Sales $1,868,267 $1,576,183 $1,511,594 $1,765,956 $1,682,7

Earnings from continuing operations 132,229 99,255 82,542 139,850 107,2

Earnings (loss) from discontinued operations (243.900) (30,300) (9,5

Net earnings (loss) 132,229 99,255 (161,358) 109,550 97,7

Earnings (loss) per common share:

Continuing operations 5.99 4.01 3.24 5.05 3.

Discontinued operations (9.57) (1.10) (.

Net earnings (loss) 5.99 4.01 (6.33) 3.95 3.

Common share dividends:

Total paid 48,766 48,484 44,834 41,470 37.5

Per share 2.27'.'2 2.00 1.80 1.533
" 1.

Cash and marketable securities 6,515 164,881 145,243 181.846 134,1

Working capital 272,904
},

409.974 513,131 594,411 540,3

Current ratio 1.87 2.28 2.94 2.91 2.
Quick ratio .73 1.15 1.51 1.28 1.

Interest coverage ratio 11.5 7.8 5.4 8.4

Total assets 1.023,538 1,177,123 1,184,663 1,380,241 1.330,2,

Long-term debt 124,587 147,123 193,397 239.897 263.0'

Long-term debt to total capitalization 26.6% 24.0% 30.4% 24.6% 28.(

Shareholders' equity 343,719 466.831 443,490 735.715 677.6:

Return on average shareholders' equity 32.6% 21.8% 17.7% 19.8% 16.5

Return on sales 7.1% 6.3% 5.5% 7.9% 6.4

Book value per common share 17.58 19.65 18.51 2706 24.:

Capital expenditures 50,431 36,300 40,554 54,079 59,8'

Depreciation and amortization 41,834 37,653 34,595 31,148 27.31

Order backlog 851,820 809,582 637.164 705,079 792,1 :

Number of employees 22,400 22,100 20.600 25,100 26.5(
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Specialty Metals Divisions and an increase in operating income

!
y the Trent Tube Division, on reduced sales resulting from

- Jnsolidation of manufacturing facilities and elimination
uf several product lines. were the main factors contributing
<r the improvement of this segment.

_ In 1983, sales and earnings showed improvement over 1982
.3 many of the company's products benefited from an upturn in
the automotive industry and increased defense spending. Also

_ IJntributing to the increase in 1983 earnings were higher
\terest income and lower interest expense and pension cost.

A higher effective tax rate, amounts equivalent to interest on the
]"funded liability for facility disposition, plant relocation cost,

- J1d cost to consolidate and shut down marginal facilities had
an unfavorable impact on 1983 earnings. Consolidated results
'11982 included a $243.9 m,illion loss for disc(;mtinued steel-

_ Iaking operations. .'
The effective tax rate for 1984 was 451/4 percent. compared

l
ith 44 percent in 1983. Reference is made to Note 3 of

_ e Notes to Financial Statements on page 41 for additional
x information.

iosts and Expenses
- -~ )st of sales increased 16 percent in 1984 and 3 percent in

I ~83. The 1984 increase is related to the increased volume of
1Jsiness, costs incurred in the consolidation of manufacturing

_ \ :ilities and elimination of certain product lines, higher depre
_.3tion expense resulting primarily from downwarj revision of
t~e estimated remaining useful lives of certain assets, and

_ rgher costs for research and development. The 1983 increase
\3S due mainly to increased volume and amounts equivalent

:0 interest on the unfunded liability for facility disposition.

]
Selling and administrative expense was up 12 percent in

- l84 and down slightly in 1983. Contributing factors to the rise
II 1984 were increases in sales, employee-related costs, and
-1ate and local income taxes. The decrease in 1983 was due

- imarily to salary and employee-related cost reductions.
Interest expense declined 16 percent in 1984 and 17 percent

n 1983.The reduction in both years was due to repayment of
_ j. 19 -term debt. It was the third consecutive year in which interest

, 'pense decreased by more than 10 percent. The 1984 interest
~xpense reduction was offset in part by commitment fees and
Iterest expense on borrowings under a $750 million revolving

-] ~dit agreement, entered into during 1984. Interest income
J<::clined 36 percent in 1984 compared with 1983 on lower cash

Jlances during 1984. In 1983, interest income increased 25
- rcent due to higher cash balances throughout the year com-

I red with 1982.

_ !!gment Information
e company's operations are reported in four industry

;egments. Following are the major products included in each
-hment:

-I
\utomotive: Holley carburetors, special products, and replace
-lent parts; Stemco truck products; Farnam sealing systems;

- Ij Fairbanks Morse engine accessories.

Aerospace: Menasco aircraft landing gear and flight control
systems, Chandler Evans jet engine fuel controls, Delavan gas
turbine products, and Crucible compaction metals.

Machinery and Equipment: Fairbanks Morse diesel engines
and pumps, Central Moloney transformers, Fairbanks weighing
systems, Quincy air compressors, Pratt & Whitney machine
tools, Elox electrical discharge machining equipment, Garlock
bearings and valves, and France compressor products.

Materials and Components: Crucible specialty steels and
magnets; Trent tubing 3.nd pipe; Garlock seals, gaskets, and
packings; Colt firearms; and Woodville rubber products.

The table on page 30 shows financial information by industry
segment for the five years er.ded December 31, 1984.

The Automotive segment reported operating income of $106.4
million in 1984 compared with $81.6 million in 1983 and $45.3
million in 1982; or 38 percent, 40 percent, and 30 percent.
respectively, of the company's total operating income in those
years. Improved business·conditions in the automotive market
resulted in a substantial increase in demand for Holley car
buretors and ~ir pumps and Farnam sealing products; and in
the truck market, for Stemco Guardian·t hub-seals and truck
exhaust system products. Demand for carburetors was strong
from original equi~mentmanufacturers and in the aftermarket.
Higher operating margins and the acquisition in August 1984
of Engler Instruments, an operation of Stemco Truck Products
Division, also contributed to the increase in 1984 segment
operating income. Holley Carburetor Division sales were strong
through nine months of 1984, but fourth quarter sales began
to reflect the accelerated transition by U.S. car makers from
carburetion to fuel injection. Holley is continuing its develop
ment of both fuel injection components and noncarburetor
products. It is expected that sales of Holley carbure.tors to
original equipment manufacturer::: will decline substantially
over the next several years,

The increase in operating income in 1983 over 1982 for the
Automotive segment was primarily due to improved margins
and increased demand for segment products as a result of the
upturn in the automotive market from the depressed levels of
1982. During 1983, the Crucible heavy-duty coil spring opera
tion was shut down, and the Garlock oil seal operation was sold.

In 1984, the Aerospace segment had operating income of
$66.6 million, or 24 percent of total company operating income.
This compares with $63.4 million, or 31 percent, in 1983 and
$49.9 million, or 33 percent, in 1982. Operating income for the
Delavan Gas Turbine Products Division, acquired for cash in
July 1983, was higher in 1984 on i'ncreased sales of its gas
turbine products and oil burner nozzles. Higher profits in 1984
by Menasco Aerospace Ltd in Canaoa were due mainly to
increased deliveries of landing gears for the Boeing 737 and
to relocation costs incurred in 1983. Crucible Compaction
Metals Operation achieved record sales and operating income
for the second consecutive year on increased sales to the air-
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1984 1983 1982

$ 580 $ 478 $ 405

314 299 241

467 401 415

510 401 456

(3) (3) (5)

$1.868 $1,576 $1.512

$1064 $ 81.6 $ 45.3

66.6 634 499

54.6 38.2 35.8

54.7 22.0 220

282.3 205.2 153.0

(157) (18.7) (226)

16.3 25.3 20.3

(414) (34.6) (19.7)

$241.5 $177.2 $131.0

$ 198 $ 214 5 186

205 219 158

258 248 245

313 308 336

50 188 211

1.024 1,177 1,136

49

$1.024 $1,177 51.185

S 11.1 $ 8.3 $ 8.4

7.9 63 5.0

9.8 10.0 8.7

13.0 13.0 12.5

.1

S 41.8 S 37.7 $ 34.6

$ 8.1 $ 6.9 $ 6.6

13.7 7.3 7.7

14.8 9.7 8.0

13.7 12.3 18.3

.1 .1

5 50.4 S 36.3 $ 40.6

1981

$ 441

260

480

590

(5)

$1.766

$ 59.0

51.2

534

75.8

2394

(25.3)

29.7

(24.4)

19.3

5238.7

S 188

162

266

364

202

1,182

198

$1.380

S 7.4

4.3

7.4

11.8

.2

S 31.1

$ 12.6

10.0

10.2

21.2

.1

$ 54.1

S 4

2

4

6

$1,6

$ 3C

3:
5E

9c
22<

(2::

1E

(2C

519:

5 1~

11

2:

3,

1:

1,1(

2;

$1.3:

S 6

3

6

10

S 27

$ 14

12

14

17

S 59
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lraft jet engine and oil and gas industries. Menasco California
_ !ivision benefited in 1984 from increased sales to the military

~iJares market. The 1984 earnings performance of these busi-

l
esses was offset in part by lower sales and operating income

_ Ir Chandler Evans Control Systems and Menasco Texas Divi
ons. After ten years ot growth, Chandler Evans sales and

operating income declined in 1984 due to reductions in sales <

~ the MFP-330 fuel pump. The lower 1984 results for Men'asco
- bas reflected the phaseout of the Lockheed L-1011 program.

Operating income for the Aerospace segment in 1983 was
'l'gher due to the acquisition of Delavan, increased shipments

-- Menasco landing gears and Chandler Evans fuel pumps to
:.e military, and termination settlement on a commercial aircraft
nr.0~ram, Earnings in 1983 for Menasco Aerospace ltd were

... IjverSely affected by a work disruption thatbegan in July, 1982
ld by costs to relocate its manufacturing facility
Operating income for the Machinery and Equipment segment

/1984 was $54.6 million, up from $38.2 million in 1983 and
- I~5.8 million in 1982. This represented 19 percent, 18 percent,

3.nd 23 percer,t of the company's total operating income in
'lose years, For the fourth consecutive year, the Central Moloney

- . insformer Division reported record operating income due
_ continued demand from the housing and construction indus
r:jes and to increased shipments to utility companies. Quincy

_ I1mpressor, Elox, and Garlock Special Products Divisions
\)orted increased earnill'js in 1984 due to general improve

nent in the industrial sector of the U,S. economy, The improved
prformance of the Pratt &Whitney Machine Tool Division in

- )184 was due mainly to the strong demand from the automotive
ndustry for Sterling and Haber tools and from the tool and die
pustry for the Wolverine line of profile milling machines. This

- Iprovement was oHset in part by continued intense competi-
~ n from imports and costs associated with rearrangement of

_ nrnufacturing facilities. Fairbanks Weighing Di~ision reported

lower operating income in 1984 as it encountered aggressive
market competition.

The 1983 increase over 1982 in segment operating income
was due to record ~arnings for Central Moloney Transformer
Division and improved performances by the Elox, Fairbanks
Morse Pump, and Garlock Special Products Divisions. Depressed
economic conditions in the machine tool industry resulted in
a 1983 operating loss for Pratt & Whitney Machine Tool Division.

The Materials and Components segment had operating
income in 1984 of $54.7 million, or 19 percent of total company
operating income. compared with $22.0 million, or 11 per-
cent, in 1983 and S22.0 million. or 14 percent, in 1982. All
divisions in this segment had strong earnings gains in 1984.
Crucible Specialty Metals Division income was up substantially
from the depressed level of 1983, reflecting improved operating
margins and higher sales volume on increased demand from the
automotive and capital goods markets. Colt Firearms Division
showed significant gains due to introduction of the M16A2
rifle for the military. Commercial firearms sales, however, con
tinued to be soft. Trent Tube Division earnings were up on lower
sales volume resulting from consolidation of manufacturing
facilities and elimination of several product lines. The Garlock
Mechanical Packing Division experienced sales increases in
several product lines in 1984, resulting in higher operating
income; and Crucible Magnetics Division earnings gains
reflected the general improvement in the economy.

Operating income of the Materials and Components industry
segment in 1983 was level with that of 1982. The Garlock
Mechanical Packill9, Crucible Specialty Metals, and Crucible
Magnetics Divisions showed improved results; while Colt Fire
arms and Trent Tube Divisions results were down. Trent Tube
Division had an operating loss in 1983 due to the low level of
demand for stainless pipe and tubing, combined with pricing
pressures and costs to consolidate facilities.

-\
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I
Order Backlog

- (In millions) 1984 1983

Percentage of Sale:

1984 1983 19E

11.6 11.4 9
4.1 3.7 3
2.6 2,4 2

18.3 17.5 15

8,4 10,4 9

Total

Carburetors and Components:
Carburetors-Original Equipment Manufacturers
Carburetors-Aftermarket
Components

Landing gear assemblies

Financial Position

Cash and marketable securities were $6.5 million at Decem
ber 31,1984, a $158.4 million decrease from 1983. Working
capital of $272.9 million was lower by $137.1 million, and the
current ratio was 1.87 compared with 2.28 at year-end 1983.

Funds from operations continue to be the main source
of financing for the company's businesses. In 1984, funds frafT
continuing operations were $182.2 million compared with
$160.0 million in 1983.The strength of the balance sheet and
the company's liquidity is derived mainly from the strong cash
flow generated by operations, Since the beginning of 1982,
Colt has reduced total'debt by $123.5 million, invested $127.3
million in capital expenditures, acquired Delavan Corporation
and Engler Instruments for $61.6 million, paid $142.1 million
in dividends to shareholders, and purchased 8,522,608 share:
of the company's common stock for $335.5 million, while
reducing cash and marketable securities by only $175.3 millior
Effective management of receivables and inventories held theil
growth in 1984 to 8 percent and 1percent, respectively, signif
icantly below the 19 percent increase in sales. These efforts
have resulted in receivable days outstanding of 46 days at the
end of 1984 compared with 49 days at the end of 1983 and
52 days at the end of 1982. Inventory turnover improved to
3.66 times in 1984 compared with 3.12 times in 1983 and 2.68
times in1982. The increases in accounts payable and accrued
expenses reflected higher operating levels in 1984.

Notes payable to banks were $13.2 million at December 31,
1984 compared with $1.5 million at December 31, 1983.The

4th ' average interest rate on such borrowings was 11.3 percent
during 1984 and 9.3 percent at year-end 1984. Current maturi
ties of long-term debt at December 31, 1984 were $4.2 million
compared with $12.6 million at year-end 1983. During the five
years ending December 31,1989, the required mandatory
repayment of long-term debt will be $46.5 million, with a maxi
mum annual payment during the period of $21.3 million. Long
term debt was reduced by $22.5 million, or 15 percent, to
5124.6 million at December 3-1,1984.

This reduction resulted mainly from the repurchase of $50.7
million and the defeasance of 533.6 million of senior promissor)
notes, offset in part by 570.0 million of borrowing under a
5750 million revolving credit agreement entered into in 1984.
This replaced a $250 million revolving credit agreement. This
bank credit and funds from operations are expected to be more
than adequate to meet cash requirements in 1985. Long-term
debt as a percent of total capitalization increased from 24.0
percent at the end of 1983 to 26.6 percent at the end of 1984,

Total

3rd

Aftermarket

Percentage of Sales

Quarter

2nd

Original
Equipment

1st

, Net sales $463,356 $502,315 $435,516 $467.080IGross profit 112.920 122,589 111,296 118.758
Net earnings 32,476 37.355 30,037 32.361
Earnings per common

share 1.35 1.61 1.44 1.60

~ 1983

$365.097 $401,566 $391,734 $417.786Net sales
Gross profit 79.132 89.653 95,422 106,445

[ Net earnings 16.256 26,160 26,214 30,625
Earnings per common

share .66 1.06 1.06 1.23

1984JAutomotive and Truck Products 24 10 34
Aerospace and Government 15 9 24
Industrial Machinery and

Equipment 11 6 17IUtilities, Chemical. and Petroleum 11 5 16
I All Other 6 3 9

. % Totals 67 33 100

1983

IAutomotive and Truck Products 23 9 32
Aerospace and Government 16 11 27
Industrial Machinery and

Equipment 9 5 14!Utilities, Chemical, and Petroleum 11 5 16
All Other 8 3 11

% Totals 67 33 100

_( Quarterly Sales and Earnings
For the two years ended December 31,1984:

~ (In thousands. except
_ Jper share data)

. 1984

Automotive S 91.9 S 94.7
'I Aerospace 503.9 488.0

_ Machinery and Equipment 157.3 115.1
) Materials and Components 98.7 111.8

Total $8518 S809.6

- lTotal new orders during 1984 were up 9 percent from the 1983
level, and backlog at year-end was up 5 percent. Of the Decem

'1 ber 31, 1984 backlog, approximately $318.9 million is sched
_ Iuled to be shipped beyond 1985; and a portion of this back-

log is subject to funding based upon Congressional budget
authorization.

_ ISales by Markets Served
J For the two years ended December 31, 1984:

-

-1

-

-

-

-

~ Sales by Class of Products
_ \The following table sets forth information on each class of

similar products which accounted for at least 10 percent of
.company sales during any of the last three fiscal years:

-I

-

-
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'1 Note 4 of the Notes to Financial Statements on page 41 for
_ ditional information on long-term debt.

The remaining $201.9 million liability for facility disposition,
n\c1uding the current portion of $17.3 million and after advance

lding of certain employee benefits during 1984, represents- imarily reserves for employee benefits of the discontinued
iteelmaking facility stated, in accordance with generally accepted
rcounting principles, at present value. These benefits are •

- !heduled to be paid over periods of up to 40 years. Manage
nent may decide in the future to fund such remaining reserves,

lWhole or in part, in advance of scheduled payments. With
_ .•pect to the reserve balances, company operations have

__ en charged with amounts equivalent to interest thereon to
1.1sure that the reserves meet estimated future requirements.

-.. Shareholders' equity at December 31,1984 of $343.7 million
:reased $123.1 mi II ion from year-end 1983. The decrease

vas due to the purchase by the company of 4,470,653 shares
-'];ts common stock for a total cost of $213.2 million. The com-

- lY has authorization to purchase up to 13,000,000 shares.
IS of December 31,1984,3,154,485 shares remain to be pur-

J
ased under this authorization; and it is the company's intention

.. ;ontinue to make such purchases as market conditions
."rrant. Shares repurchased will be retained as treasury shares
1f use in the exercise of options, acquisitions, and other

.. porate purposes. Book value per share was $17.58 at year-
, j 1984 compared with $19.65 at the end of 1983. Return

n average shareholders' equity was 32.6 percent in 1984

!
'llpared with 21.8 percent in 1983 and was the highest in

- . company's history.

'fPital Expenditures
_ )enditures for property, plant, and equipment during 1984

. -e $50.4 million compared with $36.3 million in 1983.

Menasco Aerospace Ltd of Canada completed a 180,000
square-foot manufacturing and office facility in Oakville, Ontario
for the production of aircraft landing gear and flight control
systems. A plating operation was also installed at this plant to
enhance manufacturing capabilities. Stemco Truck Products
Division constructed a 68,000-square-foot warehouse and
manufacturing facility in Mississauga, Ontario. Central Moloney
Division purchased eight acres of land adjacent to its existing
property in Arcadia, Florida for expansion of its pole-type
transformer manufacturing facility. The Garlock Special Products
Division expanded its Plastomer Products facility in Newtown,
Pennsylvania by 14,000 square feet. Woodville Polymer Engi
neering Ltd expanded by 11,000 square feet the manufacturing
and office space at its Herefordshire, England facility, primarily
to produce wing slot seals for the U.S. Air Force B-1 B stra-
tegic aircraft.

Consolidation of manufacturing and other facilities to provide
more efficient operations were carried out by the Trent Tube,
Fairbanks Weighing, and Quincy Compressor Divisions. The
multiyear environmental protection and modernization program
at the Crucible Specialty Metals Division is continuing to pro
vide benefits as well as operating efficiencies. Menasco Texas
Division installed equipment to upgrade machining capabilities
to produce landing gear for the C-5B military transport pro
gram. Farnam Sealing Systems Division installed a second
coating and curing production line to increase gasket volume.
Colt Industries continued to upgrade computers and data
processing systems to maintain optimum performance in
such functions as production, engineering, and financial
management.

The company is dedicated to a capital investment program
that maximizes utilization of assets while meeting environ
mental protection requirements.

- -(
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Earnings per
Common Share
from Continuing
Operations

In dollars

599 Cash Dividends
per Common
Share

in oOUars
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1984 1983

High Low High L

First quarter 57 453" 36'2 3

Second quarter 50', 425~ 44 3, 3

Third quarter 5238 39 78 49', 3

Fourth quarter 55 491., 54 3, 4·

by the Composite Tape Association ticker, of the stock for eac
quarter during 1984 and 1983:

Dividend ReinJestment Program
Sharehoiders may participate in the Colt Industries Dividend
Reinvestment Plan in which the company pays brokers' com
missions and bank service fees on purchases of common
stock. Participation in the plan is voluntary, and participants
may withdraw at any time. For more information about the'
voluntary Dividend Reinvestment Plan, or to participate in the
plan, please write to Colt Industries Inc, Department Fp,
430 Park Avenue, New York, NY 10022.

Sha.eholder Information
At the end of 1984, there were 18,659 shareholders of record
compared with 2Q,730 at the enJ of 1983.There were 19,556,61

shares of common stock outstanding at December 31, 1984
and 23,754,110 shares outstanding at the e:1d of 1983, excludil
8,060,317 and 3,862,808 shares held in treasury at year-end
in 1984 and ~ 983, respectively.

Impact of Inflation
Over the years, the rate of inflation has had a significant impact
on the U.S. economy and the historical financial reporting
methods of business. As a result, companies are required to
disclose the impact of inflation on operations. To combat the
effects of inflation, Colt Industries has attempted to adjust seil
ing prices to maintain profit margins, improve productivity of
plant and equipment, and reduce and control costs. In future
periods, the amount of capital available for reinvestment in the
company and for dividend distribution will be dependent in
large measure upon the impact of inflation on the economy and
on the development of a national tax policy that recognizes this
impact and provides for capital cost recovery required for rein
vestment in new plant and equipment. Reference is made to
Note 12 of the Notes to Financial Statements on page 44 for
information on the effects of inflation on the company.

Other Financial Information

Dividends
Record dividends of $48.8 million were paid to the company's
shareholders in 1984. Cash dividends were $2.27~·2 per share in
1984, an increase of 14 percent over the 52.00 paid in 1983.
This increase marked the twelfth consecutive year in which
shareholders received higher annual dividends. Over the past
ten years, dividends have grown at a compound rate of 19 per
cent. The current dividend rate is $.621/2 per share quarterly,
or $2.50 annually.

-~

-
-

-
... 1

"1- \

-J

-

-
-

Market Price of Colt Industries Common Stock
The company's common stock is listed on the New York,
Midwest, Pacific, and London Stock Exchanges. The following
table sets forth the high and low market prices, as reported

4668

".\

735.7

.,
".A.

677.6

Shareholders'
Equity

in millions of dollars

Annual Report to the Securities and Exchange
Commission on Form 10-K Available
The annual report on Form 1O-K, without exhibits, will be
made available free of charge to interested shareholders UpOI
written request to the Corporate Secretary, Colt Industries Inc
430 Park Avenue, New York. N.V. 10022.

27.06Book Value per
Common Share

in dollars

-
- (
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,-,UIl IIIUU':ilrlt=S InO ana '=iUDSldlane:

(In thousands. except per share data

$5.99 $4.01 $ 3.24
(9.57)

---:;$;:--::5:-:.9=9,-----------:;:$,-,-4-::;:.0---:-1-----:;$~(6.33)

$1,868,267 $1,576,183

1,402,704 1,205,531
224,644 200,010

15,733 18,723
(16,329) (25,321)

1,626,752 1,398,943

241,515 177,240
109,286 77,985
132,229 99,255

- IAevenue

Costs and
lExpenses

- I
)

1- \EarningS

- 1

- !
-TIarnings Per- Share Data

.Note 1)

-J
-
-
-
-(

J

-~

-Ij

-l

Net sales

Costs of sales
Selling and administrative
Interest expense
Interest income
Total costs and expenses

Earnings from continuing operations
before income taxes

Provision for income taxes (Note 3)
Earnings from continuing operations

Discontinued operations (Note 2)

Net earnings (loss)

Earnings (loss) per common share
Continuing operations
Discontinued operations

Net earnings (loss)

Average number of common and
common equivalent shares

Cash dividends per common share

$ 132,229

22,093

$2.271/2

$ 99,255

24,778

$2.00

$1,511,594

1,175,962
202,293

22,639
(20,317

1,380,577

131,017
48,475
82,542

(243,900:

$ (161,358)

25,502

$1.80

-1 e accompanying notes to financial statements are an integral part of this statement.



Consolidated Balance Sheet
_) December 31

(In thousand!

_ 1Current Assets

-
-!
-)

-l

-I
- -J Property, Plant,

and Equipment,
at Cost_i(Notes 1 and 12)

-
I Other Assets

-J

Cash, including certificates of deposit of
$2,141 and $21,494

Marketable securities, at cost (approximates market)
Accounts and notes receivable-

Trade
Other

Less allowance for doubtful accounts

Inventories (Notes 1 and 12)
Finished goods
Work in process and finished parts
Raw materials and supplies

Deferred income taxes (Note 3)
Other current assets .
Total current assets

Land and improvements
Buildings and equipment
Machinery and equipment
Leasehold improvements
Construction in progress

Less accumulated depreciation and amortization

Funds held by trustee for capital projects
Other assets (Note 1)

$ 3,859 $ 23,07~

2,656 141.80:

218,423 199,45:
8,783 11.28

227,206 210,73:
5,329 5,19!

221,877 205.531

91,510 81,82:
173,031 185,68!

65,932 59,82:
330,473 327,32!

18,676 24,61 !
8,143 8,56!

585,684 730,931

24,133 23,96~

145,255 140,481
495,154 469,71 (

6,773 6,501
15,649 . 12,60l

686,964 653,2n
349,906 320,35~

337,058 332,921

4,606 8,63·:
96,190 104,63(

-~

-1
-1

I
J

$1,023,538 $1,177,12~



~Olt industries Inc and Subsidiarie

-J
Liabilitias and (In thousands. except share date

$ 13,196 $ 1,49;;
4,163 12,57:

105,478 97,097

54,269 56,027
81,336 68,257
36,988 34,854

172,593 159,138
17,350 50,662

312,780 320,962

124,587 147,123
4,059 14,441
4,114 3,280

49,712 21,997
184,567 202,489

Notes payable to banks (Note 4)
Current maturities of long-term debt (Note 4)
Accounts payable
Accrued expenses-

Salaries, wages, and employee benefits
Taxes
Other

Current portion of liability for facility disposition (Note 2)
Total current liabilities

Long-term debt (Note 4)
Deferred income taxes (Note 3)
Minority interest in subsidiaries
Other liabilities
Noncurrent liability for facility disposition (Note 2)
Commitments and contingencies (Note 11)

Noncurrent
_ -ILiabilities

-\
-1
-1 _

\
current

- Liabilities

1
SharehOJderSl

- - Equity
(Notes 1,6,
rnd 8)

-}

-
-
-

Preferred stock-
$1 par value, 10,000,000 shares authorized,

shares outstanding-none

Common stock- .
$1 par value, 100,000,000 shares authorized; 27,616,918 shares

issued (including shares held in treasury of 8,060,317 in 1984
and 3,862,808 in 1983)

Capital in excess of par value
Retained earnings
Foreign currency translation adjustments

Less cost of 8,060,317 and 3,862,808 shares of common stock
in treasury

27,617 27,617
142,321 140,909
504,402 420,939
(11,998) (7,216)
662,342 582,249

318,623 115,418
343,719 466,831

-1
-t

$1,023,538 $1,177,123

I
-~

j

- j

J



Consolidated Statement of
_~IRetainedEarn'ings

For the three years ended December 31.1984

L-on Inoustrles Inc ano ::'UDSIOlane:
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1984
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(In thousands

1983 1982

. , . . .. .
.. -' ".,$ -~ t - : ....... - . u

_ -'Retained
Earnings

-
-
-

Balance, beginning of period

Net earnings (loss) for the period

Dividends

Balance, end of period

$420,939

132,229

(48,766)

$504,402

$370,168

99,255

(48,484)

$420,939

S576,36C

(161,35E

(44,834

$370,168

-IConsolidated Statement of
Capital in Excess of Par 11alue-l For the three years ended December 31, 1984

1984 1983
(In thousands:

1982

• " ... Ie • ;..i- . ,"I· I!' j .'.-J

Capital in

\

Excess of
- ~arValue

-J
-II

- J
I

-1

- ~

-J
- ~.I

Balance, beginning of period

Excess of cost of treasury stock issued over
proceeds from exercise of stock options

Income tax benefit from the exercise of
stock options

Excess of market value over cost of treasury
stock issued to employee benefit plans

Balance, end of period

$140,909

(2,242)

2,381

1,273

$142,321

$139,935

(3,343)

3,626

691

$140,909

$140,357

(880

458

$139,935
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""jChanges in Financial Position
- " For the three years ended December 31, 1984

\.,Ull mausmes Inc ana ::;UDSlalane

(Inlhousands

ISource of
- !'F'unds

-
...

-
-

Earnings from continuin"g operations
Items not requiring use of funds

Depreciation and amortization
Deferred income taxes
Other operating items

Funds provided from continuing
operations

Operating working capital
Accounts and notes receivable
Inventories
Deferred income taxes
Other current assets
Accounts payable
Accrued expenses

$132,229

41,834
(lO,382)
18,499

182,180

(16,339)
(3,144)
5,943

426
8,381

13,455
8,722

$ 99,255

37,653
19,771

3,343

160,022

(31,395)
15,927
(8,711)
(3,539)

24,544
37,519
34,345

$ 82,54~

34,595
(4,817
13,092

125,412

43,039
45,932
10,092

1,364
(40,895
(51,386

8,146

~I

- JJse of
Funds

_I
-..J

-

Funds from continuing operations and
operating working capital

Investments and other-
Acquisition of Delavan Corporation,

net of working capital and debt
Capital expenditures
Divicer.ds paid
Increase in treasury stock-net
Decrease (increase) in other assets
Reclassification of pension and

insurance liabilities
Other-net

190,902

(50,431 )
(48,766)

(203,205)
8,440

9,216
5,954

194,367

(51,585)
(36,300)
(48,484)
(25,964)

2,845

1,855

133,558

(40,554)
(44,834)
(80,835)

(6,237)

(2,669)
(278;792) (157,633) (175,129)

(4,329)

(41,571)

(54,012)
(49,683)

(95,583)

58,980

(36,603)
181,846

$145,243

36,734

(50,199)

(1,113)
5,270

(54,356)

(13,465)

33,103

19,6~8

145,243

$164,881

(19,242)

(87,890)

11,704
70,000

(100,946)

(107,132)

(51,234)

(158,366)
164,881

$ 6,515

Funds from (used by) continuing
operations before financing

Financing-
Notes payable to banks
Increase in long-term debt
Reduction in long-term debt, including

current maturities
Total debt

Funds from (used by) continuing
operations after financing

Funds from (used by) discontinued operations

Increase (decrease)
At beginning of period

At end of period

- j

j
----------~------------------------------

Cash and
~arketable

- -J ecurities

-
-

-~J



NOteS 10 .-Inanelat ~'[atements_1 December 31,1984

-

-

-
-

16,50'

49,13:

S 1,051

19.30:
27.04

1.02:
70

$32.62!

7-40

3-25

Years

10-40

Generally life of leas

18,400

53,077

S 1,083
19,847
29,977

1,084
1,086

S34,677

Land improvements

Buildings and equipment

Leasehold improvements

Machinery and equipment

Less-Accumulated depreciation
and amortization

Land and improvements
Buildings and equipment
Machinery and equipment
Leasehold improvements
Construction in progress

The cost of special equipment and facilities purchased for
specific contracts is amortized over a period not exceeding
the lesser of the contract life or the estimated useful life of
the asset.

Interest cost incurred during the period of construction of
plant and equipment is capitalized as part of the cost of such
plant and equipment.

Renewals and betterments are capitalized by additionE to the
related asset accounts, while repair and maintenance costs
are charged against earnings. The company generally rec.Jrds
retirements by removing the cost and accumulated deprecia
tion from the asset and.reserve accounts, reflecting any result
ing gain or loss in earnings.

At December 31,1984 and 1983, the company had the follow
ing assets recorded under capital leases:
(In thousands) 1984 198:

Start-up Costs: Start-up costs related to new operations anc
major facilities are expensed as incurred.

Revenue Recognition: Revenue is recorded at the time
deliveries or acceptances are made and the company has the
contractual right to bill.

Excess of Cost Over Net Tangible Assets: It is the company's
policy to amortize the excess costs arising from acquisitions or
a straight-line basis over periods not to exceed 40 years. At
De;cember 31, 1984, $41,323,000 remains to be amortized and
is included in Other Assets in the Consolidated Balance Sheet.

Earnings Per Share: Earnings per common share are com,.
puted by dividing net earnings by the weighted average num
ber of common and common f;quivalent shares outstanding
during each period. Common equivalent shares are shares
issuable on the exercise of stock options when dilutive, net of
shares assumed to have been purchased with the proceeds.

The ranges of estimated useful lives used in computing
depreciation and amortization for financial reporting were

. as follows::

-

-

-

11. Summary of Accounting Policies
I Principles of Consolidation: Investments in which the com
pany's ownership of voting common stock is over 50 percent

1are consolidated in the financial statements, except for its
J •I finance business which is accounted for on the equity basis.
Investments in which the company has stock ownership of at

1

least 20 percent but not over 50 percent are accounted for on
the equity basis. Intercompany accounts and transactions
are eliminated.

Foreign Currency Translation: In accordance with Statement

1

No. 52 of the Financial Accounting Standards Board (FASB),
assets and liabilities of foreign subsidiaries are translated into
U. S. dollars at year-end rates and income and expenses at

Imonthly weighted average rates. For all foreign subsidiaries,
1except the Mexican subsidiaries, the loca:! currencies have
been designated as the functional currencies. The U.S. dollar

-1 is the functional currency for the Mexican subsidiaries: Changes
_ I in the foreign currency translation adjustment for 1984, 1983,

and 1982, which are included in shareholders' equity, were
as follows:

j (In thousands) 1984 1983 1982

- --1 Balance, beginning of period $ (7.216) $(4.776) $(1,707)
Translation adjustments for the period (4,782) (2,440) (3,069)

I Balance, end of period $(11.998) $(7,216) '$(4,776)

I Foreign currency losses of $8,626,000, principally due to the
devaluation of the Mexican peso, were included in earnings in

I
, 1982. In 1984 and 1983, such gains and losses were not
significant.

Inventories: Inventories are valued at the lower of cost or
Imarket, less reserves of $43,377,000 and $43,284,000 at
I December 31, 1984 and 1983, respectively, for potential losses

from excess and slow-moving inventories. Cost elements
included in inventory are material, labor, and factory overhead,

Iprimarily using .standard cost, which approximates actual cost.
Cost on approximately 26 percent of the domestic inventory is
determined on the last-in, first-out basis. Cost on the remainder

oj of t~e inventory is generally determined on the first-in, first-out
-j baSIS. The excess of current cost over last-in, first-out cost at

December 31,1984 and 1983 was approximately $46,000,000

j
and $52,000,000 respectively.

Property and ~epreciatjon: D~preciation and amortization
of plant and eqUipment are proVided generally by using the
straight-line method, based on estimated useful lives of the

_ Iassets which, in some instances, may be less than the lives
-1 allowed for tax purposes. For federal income tax purposes, most·

assets are depreciated using allowable accelerated methods.

j

-
-

-

- j
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jcurrent-
Domestic $107,071 $62.620 $33,335- , Foreign 6,654 4,305 9,865

113,725 66,925 43,200

teferred-- ." Domestic (4.179) 10,423 8,223
c Foreign (260) 637 (2,948)

(4,439) 11,060 5,275

.ITotal $109.286 $77.985 548.475- I

I

- J
I

198:

37.0CJ,

548,47~

S60.261
(6.56C
(5.23~

1983

44.0%

581,530
(2.500)
(1.045)

577.985

1984 1983

S 70,000 5
70.387
20.996

44,257 47,110

11,000 13,000
3,493 8,203

128,750 159,696
4,163 12,573

S124,587 $147,123

45.25%

Depreciation $ 5.047 $10,881 S 6.23
Employee benefits (7.838) 13.588 (5,<36
Long-term program contracts (4.212) (16.733) 11.93·
Inventory valuation 2.816 (716) 2.44:
Other (not individually significant) (252) 4,040 (9,66,

Total $(4,439) 511,060 $ 5.27!

The reconciliation of tax at the U.S. statutory income rate to the
provision for income taxes was as follows:
(In thousands) 1984

4. Long-Term Debt
(In thousands)

Effective tax rate

Provision for income taxes 5109.286

Tax at U.S. statutory income rate 5111,097
Investment tax credit (2.700)
DISC, foreign credits. etc. 889

Less-Amounts due within one year

Revolving credit agreement-10.6::o·
9].% senior promissory notes
8'2°'0 senior promissory notes
Capital lease obligations 4.3%-12%

due 1985-2070
8'8% notes payable to insurance company

in installments to 1990
Other due 1985-1994-9.1%"

Deferred income taxes result principally from timing difference~

in the recognition of revenue and expense for tax and financial
reporting. Significant items were as follows:
(In thousands) 1984 1983 198

·Indicates average interest rate for 1984.

a) The company's loan agreements include various covenants.
Under the most restrictive of these covenants at December 31,
1984, working capital was $72,904,000 in excess of minimum
requirements. The company is in compliance with all covenants
under its loan agreements.
b) During 1984, the company entered into a $750,000,000
revolving credit agreement with various banks which replaced
a $250,000,000 revolving credit agreement entered into in 1982.
Under the agreement, the company may borrow, and repay
and reborrow, at any time until June 30, 1988 amounts aggre
gating up to the committed amount of $750,000,000. Upon
maturity on June 3D, 1988, the company may, at its option,
convert the outstanding unpaid principal amount into a four
year term loan, payable in equal semiannual principal install
ments commencing on December 3D, 1988. At the option of the
company, interest on the unpaid principal balances is calcu
lated based upon either the prime rate, the certificate of deposit
rate, or the London interbank rate. A commitment fee of ''4 of
1% per annum is payable quarterly on the daily average
unused portion.

I'. Income Taxes
ihe domestic and foreign components of earnings from
continuing operations before income taxes were as follows:
I"nthousand~ 1984 1983 1982

IJomestic $226,404 $164,866 $115,352
Foreign 15,111 12,374 15.665

Total $241,515 $177,240 $131,017

!rhe provision for income taxes was as follows:
:In thousands) 1984 1983 1982

2. Discontinued Operations
lin 1982, the company closed the Crucible Stainless and Alloy
Division in Midland, Pennsylvania and entered into an agree
ment for the purchase of this steelmaking facility by Jones &

1

Laughlin, a unit of LTV Corporation.The purchase was completed
in February 1983. Consolidated results in 1982 included a
$243,900,000 loss, after an income tax benefit of $182,273,000,

I
for the discontinued steelmaking operations. •

The remaining liability for facility disposition, after advance
funding of certain employee benefits during 1984, represents

j
primarily reserves for employee benefits of the former employ
aes of the discontinued steelmaking facility, including certain
benefits that are the subject of litigation, stated, in accordance
with generally accepted accounting principles, at present value.

r These benefits are scheduled to be paid over periods of up to
- J 40 years. Management may decide in the future to fund all or

a portion of such remaining reserves in advance of scheduled
"l oayments. With respect to the reserve balances, company

- Jperations have been charged with amounts equivalent to
interest thereon to assure that the reserves meet estimated
future requirements.

_ -1 Net sales of discontinued operations were $180,299,000
n 1982.

-
-

-

-

-
-
-

- J
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Shares Treasury Stocr.
Issued

$1 Par Value Shares Cos

Balance at January 1, 1982 $27,616,918 (425,100) $ r8.619.00C
Purchase of treasury stock (3,317,242) (83.COS.00C
Exercise of stock options 86,990 2.170.00C

Balance at
December 31, 1982 27.616,918 (3,655,352) (89.4S4.00C

Purchase of treasury stock (734,713) (39.292,OOC
Exercise of stock options 496,597 12,462,OOC
Stock issued to employee

benefit plans 30.660 866.00C

Balance at
December 31,1983 27,616,918 (3.862.808) (115,418,OOC

Purchase of treasury stock (4,470,653) (213,173.00C
Exercise of stock options 160.826 5,700,OOC
Stock issued to employee

benefit plans 112,318 4.268,000

Balance at
December 31,1984 527.616.918 (8,060.317) $(318.623.000

At December 31, 1984, t,357,883 shares of common stock were
reserved for issuance under stock options.

6. Common Stock
Changes in common stock for 1982, 1983, and 1984 were:

$ 5,457
5,453
5,143
5,026
4.936

105,752

In addition, the company's foreign subsidiaries had unused
i lines of credit aggregating $13,000,000 for short-term bank
Iborrowing at December 31,1984,
c) During 1984, the company repurchased for early retire
ment $50,703,000 of its 8':2% and 934% senior promissory

I
notes and defeased the remaining S33,598,OOO of 8'.2% and

- 93/4% senior promissory notes through the deposit of U_S,
Treasury$ecurities with a trustee. The U.S_ treasury securities

j
deposited are sufficient to pay the principal and inter~st on

- these notes as they become due, At December 31, 1984, the
-. $33,598,000 outstanding balance of defeased notes has been

Ioffset against the trusteed funds in the Consolidated Balance
_ \Sheet. .

d) The amounts payable under capital lease obligations are
as follows:

_ -I ~In thousands)

-1985
1986
1987

1

1988
_ 1'989

-1Clemainder

-
-I

7. Pension and Retireme.1t Plans
The company and certain of its subsidiaries have in effect, for
substantially all employees, pension and retirement plans under
which funds are deposited with trustees. The actuarially com
puted present value, at January 1, 1984 and 1983, of accumu
lated vested benefits was $208,347,000 and $200,356,000
and of nonvested benefits was $15,863,000 and $13,330,000,
respectively. The plans' net assets available for benefits at
January 1,1984 and 1983 were $309,465,000 and $278,326,000,
resulting in an excess of net assets over vested benefits of
$101,118,000 and $77,970,000, Pension expense of
$12,269,000, $12,793,000, and $17,005,000 was charged to
earnings in 1984, 1983, and 1982, respectively.

For determining accumulated benefits in accordance with
Statement No. 35 of the FASB, a 10.4 percent interest factor
was used, except for that portion of retiree benefits that are cash
matched with bond maturities for which an interest factor of
approximately 15 percent was used, The assets in bond port
folios matching such benefits having a present value of
$64,121,000 are valued on a fixed-yield basis relating to their
initially established rate of return,

Effective in 1983, as a result of continuing review of actuarial
assumptions and historical performance, the assumed interest
rate of return on investments for funding purposes was
increased from 7 percent to 8 percent. The net effect of this
change resulted in reducing pension expense in 1983 by
$4,131,000, or $2,230,000 on an after-tax basis,

131,767
87,510

$ 44,257

1987 3,860

Total minimum lease payments
ILess-Amount representing interest

Ie) Minimum payments on long-term debt, including capital lease
- IJbligations, due within five years from December 31,1984 are

3S follows:
(In thousands)

_ \_19_8_5 $~4,_1_63
1986 4.511

_ j5. Finance Business
- The condensed balance sheet at December 31,1984 and 1983
lis shown below for the company's finance business:

_ j-In thousands) 1984 1983

=inance receivables $33,373 $28,844
Other assets 608 520

) $33.981 $29,364

- ~ Jotes payable $25,200 $21,050
Jther liabilities 1,273 1.339
Shareholder's equity 7,508 6,975

_ j. $33,981 $29,364

(he finance business note agreements with lenders providetat debt may not exceed 500 percent of net worth.

-I

_ \'_19_8_8 12_._60_8

1989 21,340
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Tot,
Asset

$ 94
9

(71

51

$1,02,

98!

211

S 96:
8!

(6:

97

18t

$ 90E
10L
(8i

$1,17i

$1,13E

282.3
(15.7)
16.3

(41.4)

2052
(18.7)
25.3

(346)

153.0
(22.6)
20.3

(19.7)

$263.5
18.8

$241.5

$194.7
10.5

$177.2

$138.2
14.8

$131.0

Operating
IncomeSales

1,576

1,512

1,868

$1,752
135
(19)

$1,868

$1,473
117
(14)

$1,576

$1,386
144
(18)

51.512

Continuing operations

Continuing operations

1984
Domestic operations
Foreign operations
Intersegment elimination

Total segments
Interest expense
Interest income
Corporate unallocated

Geographic Segments
(In millions)

1983
Domestic operations
Foreign operations
Intersegment elimination

Total segments
Interest expense
Interest income
Corporate unaMocated

9. Segment Information
Presented on page 30 is information on sales, operating incomE
total assets, depreciation and amortization, and capital expendi
tures by industry segment. The information for 1981 and 1980
is not covered by the auditors' report. The products of the
company are described on page 29.

Information by geographic segments for the three years
ended December 31, 1984 is as follows:

1982
Domestic operations
Foreign operations
Intersegment elimination

Total segments
Interest expense
Interest income
Corporate unallocated

Continuing operations

Option
Price Range

Per Share
Number

of Shares

In addition to providing pension benefits, the company and
, certain of its subsidiaries have in effect plans that provide
Icertain health care and life insurance benefits to eligible retired

employees. The company recognizes the cost of providing the
I company-paid portion of these benefits by expensing the
1 premiums, net of retiree contributions. The cost to the company
j of providing these benefits in 1984, 1983, and 1982 was not
significant.

la. Stock Option Plans ~
Company stock option plans provide for the granting of options

]
to officers and key employees at a price not less than 100
percent of the market price on the date of grant. Options are
exercisable in cumulative annual installmer.ts of from 20 to

. 33j~ percent, commencing at various dates from one year to
Iapproximately six years from date of grant. Shares available
J for grant at December 31, 1984 and 1983 were 403,069 and
541,495, respectively.

11984 Stock Option Transactions

Outstanding at December 31, 1983 977,214 $ 5.17-$52.25

j
Granted 150.400 48.06- 49.06
l::xercised (160.826) 5.17 - 25.00

.. _.. Canceled (11,974) 24.13

Outstanding at December 31, 1984 954,814 11.98- 52.25

IExercisable at December 31, 1984 161,596 11.98- 29.66

The company also has in effect the 1981 Stock Option and
Incentive Plan which, in addition to the granting of stock options,

Iorovides for the granting of incentive stock rights, stock 2.ppre-
j ciation rights, and dividend equivalents to officers and key
employees. To date, only stock options have been granted under

1this plan,

-
-

-

-

-

-
-

-
-

-
10. Supplementary Earnings Information
(In thousands) 1984 1983

Maintenance $55,541 $48,078

1982

$46,664

Depreciation and amortization 41,834 37,653

- 1
-1

Taxes, other than federal
income taxes

Payroll
Property
Slate and local
Other

43.672
5,472

15,767
6,310

71,221

37,380
5,234
9,692
6,072

58,378

34.595

35,122
5,337
6,663
7,066

54,188

Rent
Rental income

17,608
(297)

18,513
(293)

18,216
(212

17.311 18,220 18,004

Research and development costs 33,585 30,696 28,142

-
-
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As Repc~!ed Adjuste
in the Financial for Changes I

Statements Specific Price
(Historical (Currel

Cost) Cos

81,868.267 81,868,26

1,363,213 1,367,80
222.301 222,30

41,834 58.84
(596) (59

1,626,752 1,648,35

241,515 219,91
109,286 109.28

45.25% 49.70c

S 132,229 $ 110,62

$ 5.99 8 5.0

$ 466,831 8 662,86
132,229 110,62

5,99

(3,05

(255,341) (255,34

S 343.719 S 521,08.

At December 31,1984, current cost of inventories and net
property, plant, and equipment was $391,758,000 and
$460,399,000, respectively. This compares with historical cost
of inventories and net property, plant, and equipment at year
end of $330,473,000 and $337,058,000, respectiv~ly.

ihe decline in earnings from continuing operations before
income taxes under the current cost method is primarily the
result of increased depreciation expense, reflecting the higher
values for property, plant, and equipment. The FASB rule does
not, however, permit the offset of higher costs by any tax benefi

Shareholders' equity at December 31,1984

Total costs and expenses

Shareholders' equity at December 31,1983
Net earnings (as reported above)
Gain from decline in purchasing power

of net amounts owed
Excess of increase in general inflation

(829,108) over increase in current
cost (826,052)

Dividends and other changes in
shareholders' equity

Earnings per common share
Continuing operations

Net sales

Net earnings

Effective tax rate

Costs and expenses
Cost of sales
Selling and administrative
Depreciation and amortization
Interest-net

Earnings from continuing operations
before income taxes

Provision for income taxes

(In thousands,
except per share data)

- taking into account the approximate time lag between incurrin
costs and their subsequent conversion into sales revenue. ThE
current cost of property, plant, and equipment was estimated
by adjusting historical cost by externally generated industrial
price indices relevant to the plant and equipment of the com
pany. Depreciation expense was computed by adjusting his
torical cost depreciation by the same indices used to develop
the estimated current cost of property, plant, and equipment.

Following is·the statement of earnings and shareholders'
equity adjusted for changing prices for the year ended Decem
ber 31, 1984:

11. Commitments and Contingencies
The company and certain of its subsidiaries are contingently
liable as guarantors of certain leases and are defendants in
various lawsuits, including actions involving asbestos-containing
products. In the opinion of management, these contingent
liabilities are not significant in relation to the financial position
of the company and its subsidiaries.

Under operating lease commitments, expiring on various

]
dates after December 31, 1985, the company and certain of its

- -- subsidiaries are obligated to pay rentals totaling $21,374,000
as follows: $7,085,000 in 1985, $5,374,000 in 1986, $3,371,000

, in 1987, $2,169,000 in 1988, $1,337,000 in 1989, and S2,038,000
I in later years. These rent payments are before reduction for

related sublease rental income of $2,772,000.

-

-

12. Supplementary Information on Changing Prices
(Unaudited)
In compliance with the FASB rule, management has estimated

Jthe impact of inflation on the company's oPElrations for the
- year ended December 31, 1984.

The objective of the FASB rule is to measure the estimated

I
effects of inflation on business enterprises, inasmuch as it is
generally recognized that financial statements, prepared under
the traditional historical cost basis, do not adequately reflect
the impact of inflation.

The reader is cautioned that the financial information pre
sented below is determined in accordance with the experi
mental techniques set forth in the FASB rule. The information
does not reflect all of the effects of inflation and other eco
nomic factors on the company's current costs of operating
the business. In addition, the information required by the FASB
rule does not recognize the customary business relationships
between cost changes and changes in selling prices. The com
pany has attempted over the years to adjust selling prices to

J maintain pr:ofit margins. Competitive conditions permitting, the
_ J company modifies its selling prices to recognize cost changes

as incurred. Accordingly, it is management's view that the data
presented below cannot be used alone to estimate the total

I effect of inflation on net earnings as reported.
- ! The FASB rule requires that the effects of inflation on the

company be measured under a method which involves the use
I of assumptions and estimates. Therefore, the resulting mea-

- ~ surement should be viewed in that context and not as a precise
indicator of all ofthe effects of inflation. The method of measure-

j
ment used adjusts for changes in specific prices (current cost)

_ related to individual assets and expenses. The objective is to
reflect the effects of changes in specific prices on the resources
actually used in the company's operations.

j The current cost of inventories was estimated based on
- . quantities on hand at the end of 1984 and costs in effect during

the fourth quarter of 1984. Cost of sales was estimated by

j

-

-
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We have examined the consolidated balance sheet of Colt
Industries Inc (a Pennsylvania corporation) and subsidiaries a
of December 31, 1984 and 1983, and the related consolidated
statements of earnings, retained earnings, capital in excess 01

par value and changes in financial position for each of the
three years in the period ended December 31, 1984. Our exami
nations were made in accordance with generally accepted
auditing standards and, accordingly, included such tests of thl
accounting records and such other auditing procedures as WE

considered necessary in the circumstances.
In our opinion, the financial statements referred to above

present fairly the financial position of Colt Industries Inc and
subsidiaries as of December 31, 1984 and 1983, and the
results of their operations and the changes in their financial
position for each of the three years in the period ended
December 31, 1984, in conformity with generally accepted
accounting principles applied on a consistent basis.

110.6 79.6 68.2 134.6 105.2 New York, N.Y.,
January 25,1985.

5.01 3.21 2.68 4.85 3.78

521.1 662.9 667.2 996.9 972.3

3.1 10.4 2.8 16.8 31.2-

-
-

since such additional costs are not tax deductible. As a result, Auditors' Report
the effective tax rate for 1984 increases from 45.25 percent on To the Board of Directors and Shareholders of
an historical cost basis to 49.70 percent on a current cost basis. Colt Industries Inc:
The gain from the decline in purchasing power of net amounts
owed was determined by restating, in average 1984 dollars,

Ithe monetary assets and liabilities during the year. Monetary
" assets and liabilities are items that are or will be converted

into a fixed number of dollars regardless of changes in prices
"I and "include cash, receivables, payables, and debt. Since the

_ I company held net monetary liabilities during 1984, a period
in which the purchasing power of the dollar declined, a gain

" was recognized under the requirements of this FASB rule.
I Since this gain does not represent a receipt of cash, it should

- J not be considered as providing funds for reinvestment or
dividend distribution.

! The previously stated increases in the effective tax rate
I emphasize the need to promulgate new tax policies giving

recognition to the reality of inflation which has adverse effects

1
on a company's ability to retain earnings to meet the escalating
costs of replacing and expanding its production capacity.

Following are supplementary financial data for the five years
ended December 31, 1984:

j .In millions.
_ ~ ;!xcept per share data) 1984 1983 1982 1981 1980 ~~

Net sales $1.868.3 $1.576.2 $1.511.6 $1.766.0 $1,682.8

\

Current cost information
~arnings from

continuing operations
earnings per common

share-continuing

I operations
.ihareholders· equity

J at year-end
Excess of increase

in general inflation
lover increase
I. in current cost

-
-

-
-

-
Other information
Gain from decline

I in purchasing power

I
of net amounts owed

;ash dividends
per common share

Market price

J
per common share
at year-end

... werage consumer
price index

6.0

2.27"2

503 •

31 1.1

5.7

2.08',

5478

298.4

8.1

1.933 ,

33

289.1

20.8

1.75 5a

31

272.4

32.5

1.82""

27',

246.8

I The five-year supplementary financial data show the effect
-1 If adjusting selected historical and current cost data for the

J'ears 1980 through 1984 to average 1984 dollars, as measured
by the Consumer Price Index. The current cost amount for

J hareholders' equity was determined by adjusting shareholders'
quity. as reported in the financial statements, for the dif

ference between historical cost and the restated costs of mone-

J+1ry assets and liabilities; inventories; and property, plant,
nd equipment.
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- Holley Special
Products Division

.. J 1748 Northwood Drive
Troy, Michigan 48084

- 313/362-5300

Principal Products, Markets

Products: Magnetos. ignition system
other engine components.

Markets: Manufacturers of internal
combustion engines and aftermarkl
distributors.

Products: Automotive and industrial
gaskets, gasket assemblies.
Markets: Automotive industry.

Products: Truck wheel lubrication,
exhaust systems: replacement leaf
springs; automotive instrumentatior

Markets: Truck manufacturers, trucl
fleet operations.

Division

Farnam Sealing
Systems Division
P.O. Box 327
Necedah. Wisconsin 54646
608/565-2241

Fairbanks Morse
Engine Accessories Operation
6402 Rockton Road ;
Roscoe,lIIinois 61073
815/389-3660

Stemco Truck
Products Division
P.O. Box 1989
Longview, Texas 75606
214/758-9981

Principal Products, Markets

Products: Emissions control air
pumps, other nonfuel com'Jonents.

Markets: Automotive manufacturers.

Products: Automotive carburetors;
fuel injection system components.

Markets: Automotive manufacturers.

Products: Replacement, perform
ance carburetors; remanufactured
carburetors; emissions control
components; LPG fuel systems.
Markets: Automotive aftermarket.

Division

Automotive

Holley Carburetor Division
11955 East Nine Mile Road
Warren. Michigan 48089-2003

_ .. "\ 313/497-4000
Holley Replacement
Parts Division
11955 East Nine Mile Road
Warren. Michigan 48089-2003
313/497-4000

-

- Aerospace
Division Principal Proc!ucts, Markets Division Principal Products, Markets

Menasco Texas Division
P.O. Box 500
Euless, Texas 76039-0500

- 8171283-4471

J
Chandler Evans
Control Systems Divis;on

.. Charter Oak Boulevard
West Hartford. Connecticut 06101
203/236-0651

-
-

Menasco California Division
First and Cedar Streets
Burbank, California 91510
818/842-9111

Products: ~as turbine engine fuel
pumps, fuel control systems; projec
tile flight control systems.

Markets: Aircraft engine manufac
turers, projectile manufacturers.

Products: Landing :lear assemblies
for such commercial aircraft as the
Boeing 757, 767; Hughes AH-64A
helicopter; Rockwell B-1 B strategic
aircraft.

Markets: Aircraft manufacturers.

Products: Landing gear for such
aircraft as the General Dynamics
F-16 and Lockheed C-5B.
Markets: Aircraft manufacturers.

Menasco Overhaul Division
26 Providencia Avenue
Burbank, California 91510
818/843-0611

Delavan Gas
Turbine Products Division
P.O. Box 100
West Des Moines. Iowa 50265
515/274-1561

Crucible Compaction
Metals Operation
R.D. #1, McKee & Rob Hill Road
Oakdale, Pennsylvania 15071
412/923-2670

Products: Landing gear overhaul.
Markets: Airline operators through
out the free world; U.S. Government

Products: Gas turbine engine fuel
injectors. components; spray nozzle
valves.
Markets: Aircraft engine manufac
turers; agriculture; industry; comme
cial, residential oil burners.

Products: Powder metallurgy super
alloys, hot isostatically pressed
near-net shapes.

Markets: Aircraft engine, airframe
producers; oil and gas, chemical
industries.

Machinery and Equipment

-J
-!
-1

-
-
-!

Division

Fairbanks Morse
Engine Division
701 Law10n Avenue
Beloit, Wisconsin 53511
608/364-4411

Central Malone)'
Transformer Division
2400 West Sixth Avenue
Pine Bluff. Arkansas 71601
5011534-5332

Fairbanks Weighing Division
711 East SI. Johnsbury Road
SI. Johnsbury. Vermont 05819
8021748-5111

Pratt & Whitne)'
Machine Tool Division
Charter Oak Boulevard
West Hartford, Connecticut 06101
203/236-6221

Quine)' Compressor Division
217 Maine Street
Quincy, Illinois 62301
217/222-7700

Principal Products, Markets

Products: Diesel. dual-fuel. and
spark-ignited engines; diesel engine
generator sets.
Markets: Military. commercial ship
builders; electric utilities.

Products: Electrical distribution trans
formers, components.

Markets: Electric utilities; transformer.
switchgear producers.

Products: Electronic scales.

Markets: Food and chemical process
ing. trucking. railroad, waste manage
ment, mining. industry, agriculture.

Products: Profile milling. other
machine tools; measuring systems;
metal-cutting tools and metal
forming dies.

Ma;kets: Automotive, aerospace.
metalworking industries.

Products: Reciprocating and helical
screw air compressors.

Markets: Manufacturing, oil and gas,
food processing. climate control.

Division

Fairbanks Morse
Pump Division
3601 Fairbanks Avenue
Kansas City, Kansas 66110
913/371-5000

Garlock Special
Products Division
Suite 1250, Midtown Tower
Rochester, New York 14604
716/232-1400

France Compressor
Products Division
104 Pheasant Run
Newtown, Pennsylvania 18940
215/968-5959

Elox Division
PO. Box 2227
Davidson. North Carolina 28036
704/892-8011

Principal Products, Markets

Products: Centrifugal. vertical turbir
and axial flow pumps.
Markets: Municipalities. industry.
agriculture, residential.

Products: Bearings, butterfly valves.
plastomer products, hydraulicl
pneumatic cylinders.
Markets: Automotive, chemical and
food processing, other industries.

Products: Compressor and industri;
engine components.
Markets: Compressor manufacturer
users.

Products: Electrical discharge
machining (EDM) equipment.
Markets: Manufacturers; tool, die,
mold producers.
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Materials and Components

Garlock Mechanical

1
Packing Division

.. 1666 Division Street
Palmyra, New York 14522
315/597-4811

\

Colt Firearms Division
.. PO. Box 1868

Hartford, Connecticut 06102
203/236-6311

-1

- I Division

j Crucible Specialty
Metals Division
P.O. Box 977

I
Syracuse, New York 13201
315/487-4111

Principal Products, Markets

Products: CPM. conventional high
speed steel; tool, die steels; stainless
bars, rods; valve, nuclear, high-tem
perature steels; titanium bar. rod, wire.
Markets: Automotive, chemical,
other industries; tool and die makers.

Products: Industrial seals, gasketing,
expansion joints. "-
Markets: Chemical and food process
ing, manufacturing, marine, other
industries.

Products: Military, security, sporting,
and commemorative firearms.

Markets: U.S. and foreign govern
ments, law enforcement agencies,
consumers.

Division

Trent Tube Division
2188 Church Street
East Troy, Wisconsin 53120
414/642-7321

Crucible Magnetics Division
R.F. D. 2
Elizabethtown, Kentucky 42701
502/769-1333

Principal Producu, Markeb

Products: Stainless and special alloy
welded pipe and tubing.

Markets: Chemical processing,
petroleum, aircraft, food processing,
electric power industries.

Products: Alnico, ceramic, neodymi
um-iran-boron, and rare earth per
manent magnets.
Markets: Producers of electric
motors, computers, home appliances
home entertainment equipment;
industry, medicine.

International Operations
IMenasco Aerospace Ltd

_ l1400 South Service Road, West
Oakville,Ontario
Canada L6L 5Y7

J
416/S27-7777

_ .'Jroducts: Landing gear assemblies
md flight control systems, overhaul
services.

'\Markets: Aircraft manufacturers in
.. ~anada,U.S., other countries; airline

n:;erators.

Garlock of Canada Ltd

j66 Jutland Road
_ I'oronto, Ontario

Canada M8Z 2H3
4~6/255-9114

!

ProductS: Molded and extruded
.. 'ubber products, braided packings,

:ompressor and industrial engine
.::omponents, truck wheel lubrication
and exhaust systems.

\
vtarkets: Automotive, manufacturing,

- hemical, other industries.

--\

-
-J
_ oil Industries

:redit Corporation
..30 Park Avenue

few York, New York 10022
•2/940-0503-

-l

Woodville Polymer
Engineering Ltd
Alton Lane, Ross-on-Wye
Herefordshire HR9 5NF
England
Products: High-technology
molded rubber products.
Markets: Aerospace, automotive,
defense, other industries.

Crusteel Limited
Rutland Way
Sheffield
Yorkshire S3 BDG
England
Products: Specialty steel, tubing
distribution.
Markets: Automotive, appliance,
chemical industries; tool, die, mold
producers.

Delavan Limitec
GorseyLane
Widnes
Cheshire WAS ORJ
England
Products: Industrial, agricultural
spray nozzles; other products.
Markets: Industry, agriculture.

Colt Industries Credit
Corporation of New Jersey
240 West Passaic Street
Maywood, New Jersey 07607
201/487-8765

Garlock (Great Britain) Limited
North Way, Andover
Hampshire SP10 5HN
England
Products: Seals, packings, truck
wheel lubrication systems, com
pressor components.
Markets: Diverse industries; truck
manufacturers, users; compressor
manufacturers, users.

GarlockAG
Thurgauerstrasse 39
CH-B050 Zurich
Switzerland
Products: Stemco truck products.
Markets: Truck manufacturers, fleet
operations.

.~iard S.A.
':9, Route Nationale
F-59570 Bavay, France

Products: Compressor and industrial
engine components, truck wheel
lubrication systems.
Markets: Diverse industries; truck
manufacturers, fleet operations.

AHirmative Action
In striving to develop and maintain
an effective work force, the company
provides employment, training, and
advancement opportunities without
regard to race, color, religion, sex,

Garlock GmbH
Postfach 300 451
Scheffelstrasse 73
4000 Dusseldorf 30
West Germany

Products: Seals, gasketing, valves;
truck products, compressor
components.
Markets: Diverse industries; truck
manufacturers, neet operations; com
pressor manufacturers, users.

Garlock S.A.
Torre dels Pardals, 23
Barcelona 26, Spain
Products: Stemco truck products.
Markets: Truck manufacturers,
fleet operations.

Garlock de Mexico, S.A. de C.Y•
Poniente 116, No. 571
Mexico 15, D.F.
Products: Industrial packing and
gasketing, compressor components,
TFE specialty products, and molded
rubber products.
Markets: Diverse industries.

Garlock Ply Ltd
P.O. Box 54
Arncliffe, N.S.w 2205
Australia
Products: Seals, packings, hydraulic
component.s.
Markets: Steel, aluminum, paper,
petroleum industries.

age, or national origin. The company's
affirmative action programs cover
the employment of minorities, women,
handicapped persons, and veterans
of the Vietnam confliCt.

.17



_ -1 Directors and Officers

!
William D. Ford- Senior Vice President
Legal and Secretary
Colt Industries Inc

-
-I

Officers

-J George A. Strichman
Chairman of the Board

!David I. Margolis- President and
Chief Executive Officer

George A. Strichman
Chairman of the Board
Colt Industries Inc

'. j ; .• £i'~.,:" ••I~.•• : •••

Max E. Wildman
Partner
Wildman, Harrold. Allen &
Dixon, Attorneys
Chicago, Illinois

Julius Levinson
Vice President
Taxes

James ~1. McHugh
Vice President
Labor Relations

Joseph P. Lisa .
Vice President and
Controller

Hershell B_ Murray
Vice President
Government Relations

. '.' .. ".
. " bb' ;'.' •• >hc'-·> 0 I'"fl' "dt

'

.. ')

William S. Schwab
Attorney
Chicago, Illinois

Louis T Seith
General,
U_S. Air Force (Ret.)
Arlington, Virginia

Phil Berkowitz
Vice President
Personnel

John F. Campbell
Vice President
Public Relations

Anthony J. diBuono
Vice President
General Counsel

William D'-Ford
Senior Vice President
Legal and Secretary

Paul W. MacAvoy
Dean, Graduate School
of Management
University of Rochester
Rochester, New York

David I. Margolis
President and
Chief Executive Officer
Colt Industries Inc

William H. Rea
Former Chairman
Tyrone Hydraulics Inc.
Pittsburgh, Pennsylvania

Vincent H. Callahan
Senior Group Vice President

Ray C_ Davis
Group Vice President

George W. Townsend
Group Vice President

C. Edward Warner
Group Vice President

Directors

Robert A. Alberty
Professor of Chemistry
Massachusetts Institute
of Technology
School of Science
Cambridge, Massachusetts

BenH. Cook
Executive Vice President

Salvatore J. COZlolino
Executive Vice President

Guy C. Shafer
Executive Vice President

Andrew C. Hilton
Executive Vice President

-J

-
-

-

.. I

..

Bank of America

I
National Trust and Savings

_ _ Association (San Francisco)

-1
-J

Transfer Agents
Manufacturers Hanover
Trust Company (New York)

The First National Bank
of Chicago

Registrars
Mellon Bank, N.A.
(New York)

Harris Trust & Savings
Bank (Chicago)

First Interstate Bank
of California
(San Francisco)

Auditors
Arthur Andersen & Co.

Executive Offices
430 Park Avenue
New York, NY 10022

Washington Office
1901 L Street, N.w.
Washington, D.C. 20036
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NOTIFICATION IN DEED
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SYRACUSE· ONONDAGA COUNTY PLANNING AGENCY
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JOHN H. MULROY
COUNTY EXECUT'Vt:

LEE ALEXANDER
"", .. YDlIt

October 9, 1985

Mr. Robert J. Taggart, V.P.
Crucible Inc.
Box 977
Syracuse, NY 13201

This letter is to certify that proper notice, as required by 40 CFR
264.117 (C) has been filed with the deed (letters of patent), the local
zoning authority and EPA Regional Administrator. Attached are copies of
said notices.

Sincerely,
/

~:4~~
Michael J. Cunningham
Supervisor, Planning Services

fIsh

evnArllCC: .... 1 V ''''''''0 OUr'\t\.Ir: "l1.(_A'l.(_0J..ll



- -1

-~

-
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.JOHN H. MULROY
CCUNrY CKCCU"YI:

LE:£ ALEXANOER
...... 011

January 2, 1985

Regional Administrator
U.S. Environmental Protection Agency
26 Federal Plaza
New York, N.Y. 10007.

Dear Sir:

The County of Onondaga has recently taken title to 252 acres of the Onondaga
Lake wastebeds located in the Town of Geddes. This land is inclusive of the
Crucible Materials Corporation, Specialty Metals Division industrial solid
waste landfill.

Because hazardous wastes were deposited in the landfill from 1973 to 1982,
Federal regulations (40CFR 264.117(c)) require a notice be filed with the deed,
the local zoning authority (Town of Geddes) and the Regional Admini&trator of
the U.S. Environmental Protection Agency. The enclosed notice should be
maintained on fil.e with the Town in perpetuity.

If you have any questions regarding this matter, please contact me.

MJC/cjk/wp
Encls.
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.JOHN H. MULROY
C:OU"'TT 1E_r;:CuT.VC:

LI:t:. ALeXANoeR
........D~

December 27, 1984

Mr. Daniel Patalino, Supervisor
Town of Geddes Hall
1000 Woods Road
Solvay, N.Y. 13209

Dear Mr. Patalino:

The County of Onondaga has recently taken title to 252 acres of the Onondaga
Lake wastebeds located in the Town of Geddes. This land is inclusive of the
Crucible Materials Corporation, Specialty 11etals Division bdustrial solid
waste landfill. '

Because hazardous wastes were deposited in the landfill from 1973 to 1982,
Federal regulations (40CFR 264.117(c)) require a notice be filed with the deed,
the local zoning authority (Town of Geddes) and the Regional Administrator of
the U.S. Environmental Protection Agency. The enclosed notice should be
maintained on file with the Town in perpetuity.

If you have any questions regar.ding this matter, please contact me.

;Z;~·~aL
Michael J. Cunningham

MJC/cjk/wp
Encls.
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NOTI CE FOR DEED

TO WHOM IT MAY CONCERN:

This notice is to certify that the specific parcel of land described below, and

based on an actual survey by Calocerinos & Spina Consulting Engineers file num

ber 434.066, has been utilized in the past for ~anagement of hazardous waste by

Crucible Materials Corporation. Use of this parcel of land is restricted,

under 40 CFR 264.117(c), to activities which are compatible with the Closure

and Post Closure Plans for the site. A copy of the survey description and map

along with a record of the type, location, and quantity of hazardous wastes

disposed of within each cell or area of the facility required in 40 CFR

265.119 have been filed with the local zoning authority and with the Regional

Administrator of the Environmental Protection Agency.
\

Permission for use of said parcel was originally granted to C;rucible by the

State of New York Department of Transportation. A New York State Department of

Environmental Conservation Part 360 Operating Permit number 1573 was issued on

November 3, 1982.

The specific parcel of land affected lS described In the following description:

Boundary Description

Crucible Materials Corporation

Landfill Permit Limits

All that tract of land situated in the Town of Geddes, County of Onondaga and

State of New York, being part of Farm Lot 27 and, being part of Fifteen Acre

Pasture Lot 5 of said Town, being part of lands conveyed by Allied Chemical and

Dye Corporation to the People of the State of New York, by deed dated December

20, 1953 and recorded in the Onondaga County Clerks Office December 30, 1953 in

Book 1666 of deeds at page 241 and being more particularly described as fol

lows:

Conunencing at an angle on the northeasterly boundary of land acquired by the

People of the State of New York for Interstate Route Connection 570, Northwest

Arterial Connection S.H. 54-5, said point being 230 feet distant northeasterly,
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measured at right angles) from station "L" 102+70 of a baseline for the recon

struction of said Route Connection 570, Northwest Arterial Connection, S.H.

54-5; thence S86° 54' 28" E, through said land conveyed to the People of the

State of New York, a distance of 48~.09 feet to the most westerly corner of the

limi ts of the Crucible landfill; runnin"g thence along the boundary of said

proposed Landfill permit limits, the Following six (6) courses and distances:

1) N36° 53' 21" E, a distance of 625.00 feet to an angle point;

2) N62° 25' 42" E, a distance of 150.00 feet to an angle point;

3) S80 0 14' 38 " E, a distance of 560.00 feet to an angle point;

4) S39° 25 ' 12" E, a distance of 506.36 feet to an angle point;

5) S41° 29' 23'·1 W a distance of 1000.00 feet to an angle point;,

6) N47° 12' 08" iii a d~stance of 980.00 feet to the point of beginning,,
containing 22.380 acres,

:\11 bearings referred to True north at the 76° 35' meridian of West

Longitude.

434.066

9/12/84

R.J.C.

cj k/wp.
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DESCRIPTION OF HAZARDOUS WASTES illVD
NON-R~ZARDOUS wASTES LA~NTIFILLED BY

CRUCIBLE ~~TERIALS CORPOR~TION, SPECIALTY
~lliTALS DIVISION AT THE ONONTIAGA LAKE
WASTEBEDS, GEDDES, NUl YORK BEGINNING

IN 1973

The following wastes have been deposited at the landfill since 1973.

Crucible has utilized the Onondaga Lake \~astebed landfill site continuously
since 1973. The site was owned by the State of New York from 1953 to 1984 and
conveyed to the County of Onondaga in 1984.

/jmp/wp

Prior to 1978, approximately 7~~% to 8-~% of the total solid wastes deposited
were classified as hazardous under the Resource Conservation Recovery Act
regulations. Wastes containing hazardous substances (chromium) that were
landfilled by Crucible include: 1. waste caustic solids, 2. acid pickling
sludges, and 3. electric a rc furnace and argon-oxygen deca rburiza tion dus ts .
Since 1978, the waste caustic solids were shipped to an approved hazardous
waste facility. Starting in early 1981, the waste acid sludges were treated at
the wastewater treatment plant. The last day that air pollution dusts were
transported to the landfill was March 3, 1982.
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WASTE

DESCRIPTION

Slag

Construction and Refractory

Debris, Sorbents, Misc.

Broiler House Ashes

Coolant Swarves

Mill Scale

WWTP Sludge

Totals

APPROXIMATE fuVNUAL

QUANTITY (YO. 3)

6290

4104

1437

1375

1121

165

14,492

PERCENTAGE

OF TOTAl

43.4

28.3

9.9

9.5

7.7

1.2

100.0
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A SOLID· WASTE

DRAWINGS TO ACCOMPANY CLOSURE PLAN
FOR

A D/VISION OF

CRUCIBLE MATER/AL CORPORATION
GEDDES, NEW YORK

CRUCIBLE SPECIAL TY METALS DIVISION

/WANAGEMENT FACILITY

WIND II0K--
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LOCATION PLMi
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UVUPOOL

SHEET NO. I TITLE SHEET

SHEET NO. 2 EXISTING SITE PLAN

SHEET NO. 3 FINAL GRADING PLAN

SHEET NO. 4 CLOSURE SEQUENCING PLAN
SHEET NO. a SITE CROSS SECTIONS

SHEET NO. 6 SITE CROSS SECTIONS

. SHEET NO. 7 SITE CROSS SECTIONS

SHEET NO.8 CAP CONSTRUCTION DETAILS

SHEET NO.9 MEMBRANE INSTALLAnON PLAN
SHEET NO. 10 MEMBRANE INSTALLATION DETAILS
SHEET NO. 11 DRAINAGE COLLECTION PLAN
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