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Introduction

This plan will serve to develop and identify the steps and
procedures proposed by Dussault Foundry for the Closure of the
onsite waste foundry sand stockpile. This plan has been prepared
at the request of the owner in order to comply with the
reguirements on NYSDEC Region 9 and Niagara County Health Dept.

in resolwving the cancern of the previously stockpiled foundry

sand.

Historical Review

Dussault Foundry is located on Washburn St. in the city of Lock-
port along the edge of the Niagara escarpment. The company has
been operating a foundry operation at that féciliy since 1914,
The area of concern is primarily located immediately east of the
foundry buildings. It consists of a sand stockpile consisting of
aproximately 20,100 cy exhibiting the contours as depicted on the

attached drawing no. DUS-86—1.

Foundry sand is created when clean sand has been impregnated with
resins to form molds and cores for the foundry operations. These
sands account for nearly all foundry waste and where practicle
can be recylcled a number of times thereby significantly
reducing the total of landfill waste leaving the foundry.

Dussault Foundry recycles approximately 90 % aof all of the sand
used during normal foundry operations. The weekly addition of

approximately 15 - 20 tons of clean sand to recycled sand
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Coremaking and molding usually produce over 79% of the solid
wastes generated by sand foundries. Melting operations generate
most of the remainder with minor contributions from cleaning and

heat treating processes and dust collectors.

Material Test Data

Dussault Foundry has over a period of years tested the foundry
sand stockpiled at the facility. This information bhas been
includea as an appendex to this report. The most recent testing
was conducted by Heak Consultants of Toronto at the direction of
Wendel Engineers.

A composite sample was collected from the pile by a Wendel
representative, Three individuwal samples from various depths
were combined to form a composite sample of approxximately 10 kg.
This sample was hand delivered to Beak in Akron and analyzed for
the parameter phenol. Review of the analytical data indicates
that present 1levels of phenols in the sand are 20 uwg/g, less
than levels indicated in earlier test of July 1985, and February
1981 by AES. (see appendix)

Summary cof Onsite Landfill Volumes

Survey of the existing pile as conducted on 10/86 indicated that
approximately 20,100 cy of material existed in the onsite stock-
pile. The data was gathered using a Wild T-1000 Electronic Total

Station and Maptech automated contour package.



A planimetric volume takeoff of the pile and review of test pit
data indicated the limits of the closure operation. Excavation
of the onsite material for transport to the approved disposal
facility, Lockport Landfill, operated by Niagara County Refuse
Disposal District will be initiated upon review and approval of

this plan.

Evaluation of Cost Estimates

An estimate of closure cost for the removal of sands from the
onsite storage pile to the Lockport Landfill facility has been
completed. The total valume of sand froﬁ the storgee pile would
approximate 1003 round trips to the disposal facility assuming a
23 cy truck was used for the material transfer. At present,
Farley Trucking has been permitted under Fart 364 Regulations to
haul material fraom the =site to the Landfill. Dussault Foundry
will similarly permit their dispcsal truck to accommodats
dicsposal of generated waste from the site as required.

As previausly stated, approximately 1000 trips to the landfill is
required to fulfill Dussaults disposal obligations. A a rate of
£12.00 / trip, the total cost for disposal is estimated to be
F12,000--%15,000.00. The cost of restoration of the disturbed
area has been estimated at roughly *$3,200.00, of which
approximately #2,300 .00 would be used for the development of &

compacted stome laydown area as indicated on Drawing Dus-86-2.



The balance,f¥ 700 .00 would be expended on the spreading of
approximately 2270 cy of topsoil over those disturbed areas that

will not be incorporated into the stoned laydown area.

Closure of the Existing Disposal Area

Dusszslult Foundry initiated removal of the sand in late September
of this year. To date approximately 1,300 cy of material have
been hauled to Lockport Landfill where it has been mixed with the
onsite landfill cover material. By incorporating the sand into
the cover, leachate encapsulation into each working cell will be
reduced. The more permeable cover material éllows leachate to
migrate through the refuse down to thé leachate collection system
for removal and offsite treatment.

This disposal option is economically advantzgecus to both parties
in that Dussault is accomplishing the required disposal while the
Lockport Landfill is reducing the amount of dsily cover that must
be purchased to comply with their operating permit reguirements.
It should be noted that all NYSDEC requirements for the disposal
of an industrial | waste at the facility have been met. The
appropriate form, 47-17-7 has been included as an attachment to
this report for informaticnal purpaoses.

An additional positive effect of this disposal methad is &
neutralizing effect on the landfill leachate. As evidenced in

the Ffoundry sand leachate characterization in the following

Table.
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Table 25. Ranges of Pollutants in Selected Wasles

Urban Landnill Septic Tank

Component Foundry Leachate Leachate Effluent

Organic carbon 4-185 250-28,000 25-200
(mg/l) :
COD (mg/1) 25-1,100 100-51,000 250-1,000
Phenol (ug/1} 12-400 — 0-300*
Cyanide (pg/h 20-30 —_ —_
Sulfate (mg/1) 30-1,.200 25-1,500 10-600
Fluoride (mg/1) 3-120 — a-10
Iron (mg/1) 0.1-0.5 20G-1,700 0-20
Zn (mg/l) 0.1-15 1-135 Q.15
Ni (mg/1) 00.6 0.01-0.8 0.02
Cu (mg/1) 0.02-1.6 0.1-10 0.1*
pH 7.2-10.0 4-9 6.8-8.5
T

*Murncipal wastewater eitluents

Foundry leachate typically ranges in pH from 7.2 to 10, sanitary
landfill leachate during early stages of aerobic digestion is in
the 4.5 pH range. By creating s more favorable environment for
aeraobic degredation of the refuse, more complete digestion will

ultimately reflect in lower methane generation .

Revegetation and Restoration

Once the foundry sand has been removed to the disposal facility,
restoration of the disturbed areas will be initiated. A laydown
area as indicated on drawing Dus—-B&-2 will be developed tao
provide laydown areas for +forgings and castings. The entire area
will be graded level and covered with approximately & inches of
crushed stone. The remaining disturbed areas will be topsoiled
and <cseeded using conservation seed mixes locally available at a

rate of 40 lbs/ acre.

Trees and shrubs are expected to enter the area through natural
pragrassion. At present, there is sufficient =creening From
large trees to the north of the storage area to reduce any visual

impacts of the removal and revegation/ restoration activities.



Long Term Material Disposal Options

Dussalut Foundry has purchased a waste sand hauling truck which
will continue to remaove wastz material to the disposal facility
on a regular basis. No waste material will be stored at the
site. There will be a small covered area where sand will be
tempararily stared for reuse in the molding process. This area
will be constructed adjacent to an existing building, reference
the attached sketech, and will reduce expaosure to rain and snow,
thereby eliminating the potential for léachate generation.
Alternate permitted disposal sites will be evaluated should the

Lockport facility not be granted a permit to expand.

Waste Material Handling Frocedures

Duszsault Foundry will routinely transfer waste material to the
disposal facility with 1its permitted hauling truck. Waste
sands from the foundry aoperation which cannot be recycled or
reused in the molding process will be immediately 1loaded into
this truck as it is generated, eliminating any future waste

storage areas at the site.

O



Month/Yr.

0CT.
NOV.
DEC.
JAN.
FEB.

MAR

APRIL 87

86
86
86
87
87
87

MAY 87
JUNE 87
JUuLY 87

PROPOSED SCHEDULE OF REMOVAL ACTIVITIES

ESTIMATED VOLUME OF STOCKPILE 10/86 - 20,100 CY

REMOVAL ESTIMATES/BY MONTH

Monthly Vols.

2,000
2,000
2,000
2,000
2,000
2,000
2,000
2,000
2,000
2,000

Additional hauling to remove sand being

* Estimates assuming 20 CY truck @ 15 trips per day.

Estimated 6.5/days/mo. required.

Total Estimated Fee $12,480

CY
CY

generated

Round Trips Rgd.*

100
100
100
100
100
100
100
100
100
100

Rate @ 24/Hr at $192/day.
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47 19 (8/8%
NEW YORK STATE DEPARTMENT OF ENVIRONMENTAL CONSERVATION
DIVISION OF SOLID AND HAZARDOUS WASTE

WASTE TRANSPORTER PERMIT APPLICATION—6 NYCRR Part 364
PART A—Applicant Information

I APPLICANT BUSINESS NAME 2, NYSDEC PERMIT NUMBER

1. MAILING ADDRESS

DIUSS SIA U LT | VFIQIUINIDIRYY | | 1 1 1] DD—DD[_I_W

STREET
2, W/ A;S/HBURN, S/ T)RVEJEJT | | | | N i
CITy STATE ZIP CODE
LiOWC K P Oy RIT Y | p b N1Y|114 0:9.:4
COUNTY 4. EPA ID NUMBER
N TWAGLAR Ay | v 0 v N N T I NN O SN ]
3. CONTACT PERSON 6. PHONE NUMBER
JIAMIE ST I MJAIXOWIE L L 1 g (71116 14{313 ' -13:8-+:5:1
7. CHECK
m New Application I:' Renewal D Proat of Insurance Attached
8. PERMIT FLE ATTACHED
a. Regulatary h. UPA c. Cther d. Total
N 215.0 10 I | r | ;
WASTE TRANSPORTER PERMIT APPLICATION—6 NYCRR Part 364
PART B—Vehicle Information
1. APPLICANT BUSINESS NAME (iar Modilications only) 2. NYSOEC PERMIT NUMBER

(For Modincations onky)

| I A S N N SN B

L1 1 1 DD—DDD

I B | \ I | I \ | { i IO I
{ \
| l | [ | | l | ! | | |

1. VEHICLE FEE ATTACHED (for modiﬂlc.ltion anly) ' < TOTAL NUMBER OF VEHICLES
a. Regulatory h. UPA ¢. Other d. Total
o R B I S I N OV N_1 E . _
3. LOWCATION WHERE VEHICLES ARE CARAGED:
STREET
2 WA S HBJUWR N | ISITIRJE JEST | | | 10 .
Ty STATE LIP CODE
L0 C KPP O R T v 1 0 v b0 _‘N L Y| 1.4 .0 .9 4
6. license Number 7. State 8. Capacity 9. Units 10. Make | 11, Type [12. Delete [ 13, Add
A K 8 14 143 N LY | : 11 140 12 Dump__| . .| ___
L | | | | | | | < \ \ o
\ ! | | | | l 1 | \ | \ — o
L | | | | I | | \ | \ N R
\ \ r l l | r r | | r | S N RN _
L ! | | | | \ | i | l . _ e
|
[

! ] | | \ ! | | \ I | \ ; S

14. I herahy arirm under penalty of perjury that information provided on this form is true 1o the hest of my knowledge and beliel Fabe stitements made herem
are punishahle as a Class A misdemeanor pursuant 1o Section 210.45 of the Penal Law.

\ i | [ | ! \ | | I | t e — 1.

SIGNATURE PRINTEI) OOR TYPED NAME
James Maxwell
TITLE ) DATE
President Octaber 23, 1986




47-19-10 (5/84 NEW YORK STATE DEPARTMENT OF ENVIRONMENTAL CONSERVATION
DIVISION OF SOLID AND HAZARDCUS WASTE

WASTE TRANSPORTER PERMIT APPLICATION—G6NYCRR Part 364
PART C—Waste Information

1. APPLICANT BUSINESS NAME

DU S S/A UL T, F O U N D

RY | 1 1

2. NYSDEC PERMIT NUMBER

L] — I

3. TREATMENT, STORAGE, OR DISPOSAL FACILITY (TSDF) INFORMATION

EPA ID Number | | | | | | ‘ | |

D Delete D Add

| [ NYSDEC Faciiity 10 Number ! 312,505

NAME
Niagara County Refuse Disposal District - Lockport Landfill
STREET
Richfield Street
(@hng STATE ZIP CODE
Lockport NY 14094
CONTACT PERSOM PHONE NUMBER
Ken Moss 716 ' 434-2638
WASTE INFORMATION
. 7. Handling
4. Waste Description 5. Waste Code | 6. Form Melhod 8. Delete | 9. Add
Non Hazardous - Foundry Sand N18;23/0,21(0,9,0
L 1 | |
S01ids/100% - No liquids [ 1L L
’ I
L] \
| ] |
1 \
L |
Ll |
1 |
L] |
. |
L 1 |
L1 \
[
[ \
| L] |
| L] |
|1 |
] |

10. COMMENTS

at this site.

A 47-19-7 has been approved by DEC Region 9 - for disposal of this material

Regulations of the Deparntment af Environmental Conservation

11. STATEMENT OF OWNER OR OPERATCR OF TREATMENT STORAGE OR DISPOSAL FACILITY

Permission (s hereby granted to the above named applicant to deliver waste stated 1n this apptication tn the T,5.D F, hsted above. subjedt 1o the Rules and

SIGNATURE

PRINTED OR TYPED NAME
James Maxwell

TITLE
President/Dussauit Foundry

DATE

October 23, 1986
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Preface

Early in 1972 the AFS Water Quality and Waste Disposal Committee
(10-F) began assembling available data regarding foundry solid waste
disposal and its potential effect on the environment. This detailed
search revealed that little was actually known and that studies
completed or studies to be undertaken in the future would not yield
information the committee felt was necessary to provide adequate
long-term guidance to the foundryman.

The committee defined the scope and parameters of a study that
would yield maximum information within a reasonable time. For a
program of this nature to succeed, the investigators needed detailed
knowledge regarding foundry practices, sand control, metallurgy,
solid waste disposal and water quality. The right proportion of each of -
these capabilities was found at the University of Wisconsin at Madison
and the contents of this Research Report are ample testimony to both
the thoroughness of the research and the invaluable guidance of the
Monitoring Committee:

J. Goudzwaard, Chairman
C. H. Savery, Secretary
G. E. Calhoun

T. H. Davies

W. Dube

J. Jezwinski

W. Rohr

W. Ruf

E. Steinmetz
M. Throop
W. Wirth
B.

D.
F.
H.
C.
A
T.
W. Huelsen, AFS Staff



Solid Waste from Sand Foundry Processing

Foundties are major consumers of waste materials. Scrap
iron and steel are a major source of raw materials,
amounting to 85% or more of the 20-22 millions of tons of
ferrous castings produced annually. Reclaimed copper,
aluminum, lead, tin, zinc and other metals are also
recycled to a major extent in making castings. The
recycled cast product is everywhere evident in artifacts
and machines of man's material civilization. In addition,
other residues from manufacturing operations such as
asphalts, pitches, sugars, resins and cellulose waste are
used in the foundry processes.

While foundries consume and recycle metallic and
other wastes, their processes also produce solid wastes
which are presently not recycled and eventually find their
way to solid waste landfill sites. This chapter deals withan
overview of wastes from typical sand foundry processes
that usually find their way to those landfills.

At landfills, the action of rain, snow and weather may

permit water to percolate downward through these
materials and leach water soluble constituents out of
them. The leachate, so formed, may join groundwater,
creeks or streams and possibly have water-polluting
effects. This possibility, of course, is determined by the
nature and quantity of leachable constituents and landfill
materials.

Characterizing foundry wastes as to their origin,
composition and potential for leachate formation
becomes necessary to determine whether foundry waste
landfills may contribute to waterpolluting effects upon
the environment. Relating wastes to the foundry
operations producing them and establishing the nature
and proportion of components of the waste, which are
present in landfill from typical foundries, is the purpose of
this chapter. Questions relating to leachate formation
from waste components of the aggregate material are
covered in chapters 2-4, also developed from this research
project.'*"™"

Solld Waste 1o
Landtil
g.:f: |~————-| Core Sweepings
Mixer Making Metalllcs, broken cores
Coke, oll, gas scrap, plg, alloy
1 eleciricity J
Cores I————- "
Sand binders —
addltives Melting Slag, ash, dross,
water relractories,
‘ ‘ dust collector
) wasie.
Remaeit Alr
New sand Molding .
binders ~—*| Sand Molding Moids Runners
additives Mixer Risers
water Sprue
Scrap Caslings
1 ‘ 7
System Moldin
Systemn ¥ 8 Shakeout
Sand 4 ol
Slorage sand pius .
¥ degraded ‘ L Drippings «——u
core sand '
Castings
Core buits, excess
system sand
Grinding wheels
Steel shot - Clesning
Abrasives Heat Treat
Abrasive dust, dust
Welding supplies coliector waste, shot, etc.
Finishad
Cast Product

Flg.1. Fiow of materlals In green sand foundry processing.

Foundry Landfill — Leachates from Solid Waste
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METALLICS - -
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FUELS
FLUXES DUST COLLECTOR
PARTICULATES,]ABRASIVES,
SHOT, ETC.
— —————
OTHER MATERIALS:
GRINDING WHEELS —~—
SHOT
ABRASIVES
ETC.

>

NON-SOLID WASTES:

COMBUSTION GASES,
WATER

Fig.2. Balance of major solld materials entering and leaving the sand foundry.

Generation of Solid Wastes and Material Balances in
Foundries

Basic processing steps in the production of sand castings
are coremaking, molding, melting and pouring, and
cleaning and inspection.® A schematic diagram of flow of
materials in the processes and finally to the solid waste
stream, is shown in Fig. 1.

Coremaking and molding usually produce over 75% of
the solid wastes generated by sand foundries. Melting
operations generate most of the remainder with minor
contributions from cleaning and heat treating processes
and dust collectors.'” Other investigations have verified
these conclusions.”®

Solid waste originates in the balance between incoming
and outgoing materials, including product, in a foundry
operation, Fig. 2. Aside from the cast product, the only
solid materials leaving a ferrous foundry are landfill
wastes. Nonferrous foundries, however, generate
additional metallic wastes in the form of dross and
grinding residues. These are returned to smelters for
metal reclamation. The refined material is returned to the
foundry as ingot, thereby reducing metal loss.

Quantities and kinds of materials entering a foundry
are known from purchasing records. Materials leaving a
foundry can be weighed to determine a quantitative
materials balance based on Fig. 2. Also, quantities of
material entering each process can be determined so that

2

amounts of maternal undergoing chemical and thermal
processing reactions can be known. Thus, the quantity
and qualitative chemical analysis of each type of process
waste going to landfill can be determined with a materials
balance.

Material balances have been determined on seven
foundries. Foundry 1 is a malleable iron operation using
induction melting. Foundry II produces gray and ductile
iron using basic practice cupola melting. Foundry Il isa
copper alloy operation that is a special case because its
core and molding sand was used only once while all others
recycled their molding sand. Foundry IV is another gray
and ductile iron operation using a cupola for primary
melting and duplexing into induction furnaces. Foundry
V is a steel-casting operation using direct arc furnaces.
Foundry VI is an aluminum foundry using crucible
meiting and making most of its molds with core sands.
Foundry VII, another copper alloy foundry, uses crucible
and induction melting and has a high percentage of cores
in its molds.

All seven foundries use green sand molding. A variety
of coremaking processes were used. In each case, total
weights of new material purchases and total weight of
wastes sent to landfill were determined on an annual basis
for this research.

Materials entering foundry processes were divided into
several categories, depending on their usage and purpose

Foundry Landfill — Leachates from Solid Waste



in the various processes. The categories into which new
materials were divided were:

Refractories
*System sand for molding
Silica and other aggregates
Clays
Carbon (or other additives)
*Core sands (including binders and additives)
Sheil sand
Qil sand
CO; (sodium silicate)
Nobake sand
Other
Metal melted including recycled sprue
Miscellaneous materials
Annealing room materials
Cleaning room materials
Grinding wheels and materials
Steel shot
Other
Slag floculant
Fluxes
Scrubber lime
Welding materials
Solid fuels (coke) for cupola melting.

* Represents tatal sand purchased.

Solid waste material, leaving various foundry
processes, was also divided into several categories,
depending upon the foundry process from which it was
discharged. The categories were:

Refractories

System sand (from molding and including core sand
dilution)

Core sand (butts and sweepings not entering the system
sand)

Annealing room waste

Cleaning room waste

Slag

Coke ash (collected particulates)

Scrubber discharge

Dust collector discharge

Miscellaneous

Details of these material balances are reported
elsewhere.'™ This paper makes reference to these details
for the purpose of showing how landfill waste can be
characterized by the materials balance concept.

Material Balance Data Tables

Tables 1-5 present data on new materials entering the
foundry on an annual basis. Tables 6-9 present data on
waste materials leaving the foundry. The significance of
each table is as follows:

Table1. Pounds of New Mat;erlal Purchased Per Year by Categary

Foundry Malleable Ductile Iron Copper-Base Gray § Ductile Iron Stee! Aluminum Copper-Base
1 11 111 v ¥ vl YII
A. Refractorles 200,200 728,100 52,900 530,000 974,300 32,122 130,334
B. Sand ussd directly
in molding system
1. New Sand 3,492,000 20,546,000 1,976,200 4,725,800 11,944,000 429,713 1,340,200
2. Clay 1,012,800 3,677,700 95,700 2,160,000 1,847,000 93,100 334,000
3. Carbon 387,200 734,300 24,100 1,584,000 154,200 76,500
Subtotal: 4,392,000 24,933,000 2,096,000 8,469,800 13,945,200 599,313 1,674,200
C. Sand used as Cores
1. Shell Sand 554,000 3,976,000 2,226,700 1,800,700 913,800 276,000 877,800
2. Qther Core 1,651,000 - 18,121 71,894
3. 011 Sand 2,243,800 4,076,000 15,200,600 7,430,600 1,973,080
4. No-Bake 3,540,000 1,131,792
5. COZ Sand 2,688,000 2,655,130 167,344
Subtotal: 2,801,800 8,052,000 »977,700 23,236,300 8,344,400 4,922,34) 2,248,830
Total Sand Binder
4 Additives 7,691,800 32,890,000 5,963,700 31,707,100 22,289,600 5,521,651 3,932,030
D. Metal 27,808,000 63,209,000 6,954,200 122,205,000 36,725,800 3,591,208 16,666,201
E. Mlscallaneous 25,800 105,000 35,000 9,440 6,171
P, Annealing Room 220,000
G. Cleaning Room
1. Grinding 13,800 129,000 24,200 29,300 88,4600 1,000 1,507
2. Steel Shot 49,100 126,000 12,000 216,000 48,800 23,400 93,307
3. Qther 5,400 60,000 &,000 1,777,800
Subtotal 68,300 255,000 96,200 251,300 1,915,200 24,400 T 95,307
H. Slag Floculant 38,900 1,396,000
1. Plux 5,658,000 8,544,000
J. Scrubber Lime 32,500 400,000
K. Welding 119,400
L. Cake 8,672,000 27,516,000
Qther 101,800 1,200
TOTAL 36,153,800 112,951,800 13,172,000 185,153,900 62,059,800 9,178,824 20,812,872

Foundry Landfill — Leachates from Solid Waste
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Table 1 — Pounds ol each new material purchased
annually (1971-72) are listed by category. Weight in each
categoryand total weight vary considerably from foundry
to foundry.

Table 2 - Each category of material is expressed as a
percentage of the total from Table 1, This helps to make
comparisons of processes in the various foundries.
However, metal melted does not go to the landfill but
becomes the product sold as castings. Metal should
therefore be removed from Table 2 as a landfill con-
tributor to develop Table 3.

Table 3 — Each category of material as a percentage of
the total new material purchased excluding metalis listed
in this table. This is new material that eventually becomes
process waste going to the landfill.

Table 4 — Pounds of each category of new material
consumed per ton of metal melted is listed in this table.
For each foundry, the data in Table 1 for each category is
divided by the metal weight. Heat input to refractory,
molding and core sand processes is quantitatively
determined by the amount of metal melted. Heatinput, as
metals melted, causes thermal degradation of core and
molding sands during processing. The amount of metal
melted is greater than the new metal purchased annually
as expressed by foundry yield. For the present purpose,

yield may be defined in percentage as pounds of good
castings per hundred pounds of metal melted. The weight
dilference between good castings and metal melted is
recycled within the foundry melting process, Fig. 2.
However, each time it is recycled, more heat is put into
core and molding sand processes. Thermal effects are
accounted for in pounds of new material consumed per
ton of metal melted as listed in Table 4. This table is
especially useful in comparing quantities of purchases
with quantities of solid waste to landfill from each
process.

Table 5 — Pounds of each category of new material
consumed per ton of castings shipped is listed in Table 5.
The effect of yield causes the difference between values
listed in Table 5 versus those in Table 4. Yield is greatly
influenced by design and weight of individual castings as
well as the kinds of casting processes. Yield comparisons
between foundries are very difficult because of many
factors which influence yield.

Table 6 — This is the first table dealing with the waste
from the foundries studied. The total annual weight of
each category of material leaving the foundry is listed.
Table 6 includes a listing of coke and its ash as a weight
leaving foundries II and IV. However, the carbon in the
coke leaves the foundry mainly as carbon oxide gasesand

Table 2. Percentage of New Materlals by Category Including Metal Melted

Cray &
Foundry ¥alleable Dustilea Iron Copper-Base Duetile Iron Steel Aluminunm Corper-Base
I 11 IIr bu g v vI vII
A. Refractoriles 0.55 0.63 0.29 1.52 W3k 82
B. Matarials Used Directly
in Mold System
1. Nev 5and 9.67 18.13 25.67 2.35 18.67 5.68 &.hb
2. Clay 2.81 3.§6 1.3.7 2.5 1.81 1.60
3. carbon 1.07 R 0. Q.85 0.2k .
Subtotal: 1355 223& Fad E% .57 .50 G.52 -y
C. Sand Used as Cores
1. Shell Sand 1.55 3.52 16.92 .97 1.43 3.00 k.22
2. Other Core .19 35
3. 011 Send 6.11 3.61 a.21 11.61 21.50
A. Ho-Baka 1.51 5.hb
5. C0p Sand 1.L5 28.93 -
Subtotal: Y= 13 7.5 pre1y Fo% 5952 pGN:)N
Total Sand, Binder
& Mditives 21.21 29.21 45.24 17.11 3h.8b4 18.84
D. Metal 16,99 55.92 52.83 66.00 =7.hl 3%.15 B0. 05
E. Miacellaneous .07 0.03 C.06 »10 03
F. Aunealing Room .61
G. Claaning Room
1. Grinding ok 12 .02 .1k 01
2. Steel Shot W1k a1 .12 .08 .25 L
3. Other .0l _ 2.78 02
Subtotal Bt 23 1k 360 27 3
H. Slag Floculant A1 1.2k
I. Flux 5.01 h.61
J. Scrubber Lime 0.03 @.22
K. Welding .19
L. Coke 7.68 11.63
Other .28
Total 100.00 100.00 100.00 100,00 100. 00 100.00 100.00
4 Foundry Landfill — Leachates from Solid Waste



Table 3. Percentage of Material Purchased by Category Excluding Metal Meited

Youndry
A. Refraatories

B, Band Usad Directly in

¥ldiog Systema
1. Nev Band
2. Clay
3. Carben
Bulbtotal:

C. 8and Usad aa Cores
1. Sbell Sand
2. Other Core Band
3. 611 8and
k. No-Bake
5. COp Sand

Bubtotal:

Total Band, Binders

& Miitives

3. Miscsllansous
F. Aonsaling Room
@. Clsaning Room
1. Grinding
2. Bteel Shot
3. Other
Subtotal
H. 8lsg Floculant
I. Flux
J. Berubber Lime
K. Welding
L. Coke

TOTAL

Yalleable

I
2.h0

51.83
12,13
&, 68
39,50
6.68
26.87

I35
92.15
1.53
2.64

5 Haen

100.00

Ductile Iron

Iz
1.46

T.99
8.20

515
66.33

26
25
2.81

11.38

17.4k
100.00

dray &
Copper-Base Dustile Iroa
III ha g
.85 +Bh
.79 T.51
1.5k 3.33
. 2.52
557% 3.
35.81
26.37
2k.16
5.62
8,27
218 o
95.88 50.37
1.65
0.39 05
0.19 236
Q. . 0L
155 BT
13.57
0.6k
_3h.18
100.00 100.00

Steel

T
3.8

67.99
.15

35
al9

;_%

AT

100.00

Aluainus
I
57

7.6
1.67

h.g9k
.32
.0

96.82
.17

.02
-2

100.00

d £e

100.00

Table4. Pounds of New Material Consumed Annually Per Ton of Metal Melted (Based on New Purchases)

Gray &
Youndry MNallesble Ductile Iron Copper-Iase Ductlle Iron Stesl Alomipum Coppsr-Bass
I II III v ¥ ¥I VI
A. Refractories 1k.ko 23,04 15.3L 8.67 53.05 15.83 65.16
B. Sand Directly tn
Molding Systes
1. Nev Sand 251,18 6h9.51 568.32 TT-3h 650, bk 211.83 671.10
2. Clay 72.35 116.3% 22 55 35.35 log.is 5.8 167.00
3. Carbon 27.85 23.20 . 25. . et
Subtotal LB . R?g% ISE'E‘ 7?1’% “29%"1‘3’ B3T.10
C. Sand Used as Cores
1. Shell Sand k0.1k 125.80 &40, 39 29-87 49,76 136.06 A38.50
2. Other Core k71,95 8.93 35.95
. 011 Sand 161.40 128.96 288,90 Aok 65 572,66
. No-BEake i‘r-gh 1308.88 535-2‘:’;
5. Band . . .
savoral b =T AT % e 1] R in
Total Sand, Binder &
Aditives 553.k2 1043, 86 1715.1h 51B8.92 1213.83 2721.96 1961.52
D. Matal 2000,00 2000.00 2000. 00 2000.00 2000.00 3000.00 2000. 00
Z. Miscellanecus 9.17 0.0k 30.20 1.93 k.65 .09
7. Annealing Room 15.82
G. Cleaning Room
1. Grinding 0.99 k.08 6.96 0.48 k.82 TS
2. Stsel Shot 3.53 3.59 rs{-;z 3-;: Z-gf u-ih 45.50
3. Other 0. . . . B
Subtotal 61 3.07 27.67 Rz I%‘i" 30 03 prw -y
B. Slag Floculant 2.80 .17
I. Flux 179.03 139.83
J. Berubber Lime 1.03 6.55
K. Welding $.50
L. Coke 27h.33 352.13
TOTAL 600.52 1573.63 1788. 32 1030.22 1379.6L 275h.47 2076.k2
Foundry Landfill — Leachates from Solid Waste



Table5. Pounds of New Material Consumed Annually Per Ton of Metal Shipped (Based on New Purchases)

o

Gray &
Poundry Malleable Ductile Iron CSpper-Base Ductile Iron Steel Aluainum Copper-RBaae
L II Iz v v VI YII

A. Refractories ko.24 52.80 30.h2 17.%6 138.25 k1.10 162,90
B. Materials Directly

to Molding Systenm

1. New Sand 701.89 1L88.L5 1136. 6% 160.16 1654,84 549,83 1675.25

2. Clay 203.55 266.73 55.10 T3.19 261.99 11%.13 k17.50

3. Carboo 77.78 53.17 13.86 53.67 21.96 7.88
Subtotal: 3.2 Tsé".;gs ‘E‘o}'s.?ﬁ 267.C¢2 978.19 T&"E‘E 292,75

C. Sand used as cores

S S SR SR S TN SEN N |

t —4 -

-4

1. Shell Sand 112,16 288.31 1280.78 6L.02 129.67 353.15 1097.25
2. Other 943.90 23.18 89.88
3. 0Ll 851,02 295.57 515.39 105k.39 252k, 65
§. No-Bake 119.96 s 1h1h.7g
5. €O 1,09 .2 Bt
Subtotal: $63.18 58388 ZNE8 "rgm pSTIN:) %ﬁ L
Subtotal Sand, Binders
& Additives 1546.40 2392.23 3430.28 107L. 48 3162.85 T065.08 4903.81
D. Metal 55088, 94 ksB3.52 4000, 00 k1b1.28 5211.33 5191.22 3333.33
E. Miscellaneous 25.65 .09 60.ko 5.04 1207 7.73
F. Annealing Room hh, 22
G. Cleaning Room
1. Griodlng 2.77 9.135 13.92 0.99 12,57 1.28 1.83
2. Steel Skot 9.87 9.1k - 2'90 7T.32 6.92 29.9h 11h.80
3. Other 1.09 .52 90.20 252.27
Subtotal 13.73 9 ‘Lss 3L - 271,76 322 ST X
. Slag Floculant 20.46 101.23
I. Plux L10.28 289.54
J. Serubber Lime 2.36 13.56
K. Welding ) 16.94
L. Coke 62B.84 729.13
Tatal 1650.70 3606.32 3576. kb 2133.18 35%h. 84 T1k9.47 5191.07
Table 6. Estimated Pounds of Materlal Leaving Foundry by Category Per Year*
Gray &
Foundry Malleabls Ductile Iren Coyper Base Ductile Iron Steel Aluminum Copper-EBase
1 i Ir v ¥ 33 vII
A. Refractories 200,200 728,100 52,900 530, 000 974, 300 32,122 130, 3k
B. System Sand
1. Molding Sand from
New Material 1,52h,100 23, 600, 000 20,351,600 16, k67,900 69,000
2. Degraded Shell 195, 300 6,623,200 382,000 228,500
3. Other Degraded 615,000
k. Degraded COp 617,600 570, 000 k3,000
5. Degraded Oil 503,000 3,226,700 2,938,800
6, Degraded Zo-Dake 751,000
Subtotal 5,250, 000 30,222,200 3,544,500 5B 500 , 500 19,535,260 T, 127,060 3h2, 000
C. Core Sand Total
1. Core Butts 1,315,900 1,12,806 . 2%,000 k,m.ﬁ 3,167,533 3,777,000 270,000
2. Core Roon Sweeping 250,000 260, 000 , 050, 300 1,790 712 50, 0C0 200, 000
Subtotal T, 565,900 T8, 800 2,330,300 £ 72050 5,860,000 3,827,000 75,000
Total 3apd 7,805,900 31,652,000 5, B6k, 800 32,001,900 23,515,200 i, 954,000
D. Annealing Room Waste 200,000
E. Cleaning Boom Waste
1. Grindiag 13,800 22,400 29,300 88, 600 1,000 1,507
2. Steel Shot hg,igg 5l§‘°°° 206,000 w,% 23,500 91,800
3. Other 5 000 000 1,TTT
Subtatal B, 3% 1,205,900 9%, 1,500 1315, 2% W0 EEpEe:
P. Blag 180, 000 5,460,000 - 7,968,000 2,h88,000 A L
G. Coke Aah 8,672,000 21, 516, 000
H. Serubber Discharge 1,032,000
I. Dust Collector Discharge 100,000 52, 000 &, 800, 000 200, 000
J. Miscellaneous 25,200 65,200 35,500
TOTAL 8,899,600 47,718,000 6,128,300 68,098,600 29,128,200 5,010,522 1,035,652
# Does pot include sast products or gaseous vastas.
- #% Annuel tonnages of dross returned to sselter not reported.
Foundry Landlill — Leachates from Solid Waste



Table 7. Estimated Pounds of Material to Landtill Per Year by Category

Gray &
Foundry Malleable Ductile Iron Copper-Base Ductile Iron Steel Alurinum Copper-Base
1 II III v v vI vII
A, Rbfractories 200,200 728,100 52,900 530, 000 974, 300 32,122 130,334
B. Systea Saad
1. Molding Sand Trom
Nev Matsrial 1,924,100 23,600,000 20,351,600 16,467,900
2. Degraded Shell 195,300 6,623,200 382, 000 228,500 69,000
3. Other Degraded
L. Degraded CO» 617,600 570,300 615,000
2. Degraded 011 503,000 3,7226,700 2,938, 800 hh3, 000
» Degraded No-Bake 51,000
Bubtotal.: 555,000 25500 356,500  FBLED 55,50 LIELOD 342,000
C. Care Sand Total
1. Core Butts 1,315,500 1,123,800 2%,000 h,929,zgg 3,157,3 3,777,000 270, 000
1. Core Room Sweepings 250, 000 260, 000 2,0 00 LT 712 50, 000 200, 000
Subtotal: 1,565,900 1'.'558?8&5 2,320, 300 8,7 on,'a'oo ‘3“,'5%‘,'000_ 35,827 ") %70, 00C
Total Sand 7156:903 31,652, 000 5,864, 800 32, 001,500 23,513,200 k, 954,000
D. hinnealing Roon Wasta 220, 000
E. Cleaning Room Waste
1. Grinding 13,800 22,40 29,300 88,600 1,000 1,507
2. Stael shot hg.ﬁ g,ooo 212,000 18,800 23,400 %1, 800
3. Other 5 000 000 1,777,000
Subtotal: 5% 1,205,500 98,500 51, 3% L,915,2% TR0 35,357
F. Slag mtcm SIkeolm 7:9681m 2!mlm
8. Coke Ash 882, 800 2,190,000
H. Serutber Discharge , 1,032,000
I, Dust Collector 100, 000 52, 000 5,800,000 200, 000
J. Miscellaneous 25,200 65,200 35,500 6,171
TOTAL 8,899,600 39,928,800 6,129, 300 48,773,200 29,128,200 5,010,522 1,041,812
Table 8. Estlimated Percentage of Materials Leaving Foundry Per Year by Category
Gray &
Foundry . Mallesble Ductile Ircn Copper-Base Ductile Irca Stael Aluminum Copper-Base
I I III v v V1 vII
A. Refractories 2.25 1.53 0.86 0.78 3.34 .65 12.51
B. Sysatem Sand
1. Molding Send from New
Materials 55.34 9.h5 57.83 29.88 50.55 1.38
2. Dagraded Shell 2.19 0.56 6.78 1.2
3: Other Degraded Core
Sanz 1.20
&. Degraded O11 5.65 13.89 L.k 10.09 12.27
5. Dagraded COp 6.9k C.84 8.8k
6. Degraded No-Bake 1.10
Subtotal w.iz 3. 3% 37.83 3712 BT T 32.83
€. Cors Sand Total
1. Care Butts 1k.gg 2.55 3i.29 7.2& 10.% 5.39 25.92
2. Core Boowm Swaepings 2.81 Q.55 .E‘E 2.63 2. .81 19.20
Subtotal: 17. 3.00 37- 9.07 13.35 75-38 5-12
Total Sand B7.72 66.34 95.39 45.99 80.76 $8.87 T71-95
D. Annenling Roam Wasta 2.87
E. Clezaning Boom Vaste
1. Grinding .16 0.36 0.Ch 0.30 02 W1k
2. Seeel Shot 0.55 0.20 0.32 0.16 RS 8.81
3. Other 0.06 — 0.98 0.01 6.10
Subtotal B ri 2.53 T5L s “5.56 e 835
?. Slag 5.39 11.hh * 1.70 8.5k . »
G. Coke 18.16 31.60
8. Scrubber Discharge 1.52
I. Dust Collector Discharge 1.12 N T7.05 0.69
J. Miscellanecun 0.28 1.06 0. .58
TOTAL 100.0 100.00 100.00 100.00 100.00 100.00 100. 00

# Dross returved to smalter for reclaimiag not included.

Foundry Landfill — Leachates from Solid Waste
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Table 9. Estimated Percentage of Material 1o Landfill Per Year by Category

GCray &
Foundry Mallesble Ductila Irom Copper-Basa Ductile Iron Steel Aluminum Copper-Ease
I I III ™ ¥ VI vII
A. Refractories 2,25 1.32% 0.364 1.05% 3,548 .65% 12.51%
3. System Sand
1. Molding Sand Matarials 55.34 59.11 57.83 h1.72 50,5k
2, Dagreaded Shell 2.19 16.59 0.78 6.78 1.38
3. Othar Dagraded Core
&, Degraded 011 5.65 6.62 10.09 12.27
5. Degraded COp 6.9k 1.17 8.8k
6. Dagraded No-Dake 1.5k
Subtotal: k('B*] TeTe 57.83 _51.33 BT 51 PR 32,53
Cy Core Band Total
1. Gore Butts Lh.g 0.65 32.29 10.2.1 10.% 75.39 25.92
2, Core Boam Swwepings 2. 2¢ . . 2. B 19.290
Budtotal: T 3-53 E g I3-7£ R 7e. 512
Total Sand 67.72 79.28 95.69 65,61 80.76 98.87 77.95
D. Annealing Room Waste 2.7
B. Clsaning Rocm Wasta
1. Grinding 0.16 0.36 .06 0.30 .02 REY
2. Bteel 3hot 0.55 0.20 Wk Q.16 &6 8.81
3. Othar Q.06 o.% .0 10
Sudtotal: BT = .5 w51 5 ) B398
7. Slag 5.39 13.67 16,34 8.5k
G. Coka Ash 2.2 W1
H. Berubbver Discbarges 2.12
I. Dust Collector Discharge 1.12 0.85 9.8% 0.69
J. Miscellaneous 0.28 1.06 0.12 .58
TOTAL 100.00 100,00 100.00 100.00 100,00 100.00 100.00
Total Sand Fercentage
Excluding Slag, Coke Ash
and Refractoriss 95.0 $6.3 36.1 83.0 91.9 99.5 85.1

hence does not go to the landfill. The coke ash and dirt
either becomes slag or particulate solid waste, both of
these go to the landfill. The material balance of solids
entering and leaving the foundry should account for those
entering as solids and leaving as gases. This is of principal
importance in the case of coke used in cupola melting,
(foundries 11 & IV).

Table 7 — Pounds of waste going to the landfill annually
ineach categoryislisted in Table 7. Comparison of Tables
6 and 7 shows how total solid waste leaving the foundry is
reduced by conversion of coke carbon to gases.

Table 83 — Each category of waste material as a
percentage of the total waste leaving the foundry is given
in Table 8. This is obtained by dividing eachitem in Table
6 by the total weight of waste for each foundry. Coke for
cupola melting (foundries I & IV)isincluded as related in
connection with Table 6.

Table 9 -—— This table, which is similar to Table &, shows
percentages of solid waste actually sent to landfill. An
adjustment is shown to exclude losses resulting from
processes, such as conversion of coke to coke ash and so
forth.

Table 10 — Pounds of solid waste to the landfill in each
category per ton of metal melted is listed in this table. The
values are obtained by dividing weight of waste in each
category in Table 7 by weight of metal from Table I.
Pounds of waste per ton is the material subject to heat

8

input and discussed under Table 4. Tabie 10 indicates the
amount of waste which a foundry might estimate it would
produce in relation to its annual tonnage melted unless it
changed its processes or the kind of castings produced.

Table 11 — The pounds of each category of solid waste to
the landfill per ton of castings shipped is listed in Table 1 1.
This table differs from Table 10 because of yield factors
discussed in Table 5.

Tables of data are used in the following discussions of
foundry processes which generate the solid waste that

goes to the landfill.

Core Processing

Materials flow in processing is shown in Fig. 1. Consider
first the core sand processing loop. Cores are solid forms
made of sand mixed with about 0,75-5%; of a binder that
hardens when the aggregate is cured, Organic binders are
initially liquid or solid resinous carbon compounds.
Curing can be done by baking at about 400-600F (204-
316C) or by using catalysts at nearambient temperatures.
Polymerization and oxidation are the principal curing
reactions. Specific core and binder formulations and
processing have been described elsewhere.'™ Chemical
reactions involved are not discussed here, as the principle
objective is to relate the course of processing to the waste
produced.

Foundry Landfill — Leachates from Solid Waste



Table 10. Estimated Pounds of Materlal to Landfill Per Ton of Metal Melted

Gray &
Foundry Mallesble Ductile Irom Copper-Base Ductile Iron Steel Aluniaum Copper-Base
I II III v v VI VI
A- Befractories 1h.h0 23.05 15.21 B.67 53.095 15.83 15.48
B. Jystem Sand
1. Molding Sand -
Sew Material 35h.19 $37.16 333.08 896.81
2, bDegraded Shell 1h.05 209.57 6.25 12.4%% 3k.01
3. Other Degraded Core
Sand
b, Degraded O11 36.18 52.81 150,04 218.36
5. Degraded COp Mok2 13'33 303.17
. Degraded No.Bmke .
Subtotal $EE.Bh T5%-73 13, Hs—zg.f 155 TE5.EE L oNF)
C. Core Sand Total
1. Core Batis oN.65 33.93 532.1’8 60.68 112.;2 1.86122 32.cr£
2. Core Boom Swecpings 17. .2 .5 .30 N 2h.65 3.7
Sobtotal: d‘%g 7_15.21 PE VY 05. ﬁ;'.ao . 5‘;‘3‘ 3
Total Band 561.k7 791.9% 1686.69 ' 523.7h 12680.59 2k2.13 96.45
D. Annealing Boom
Waste 15.82
E. Cleaning Hoom
Wuste
1. CGrinding 0.99 6.0k .48 h.B2 g .18
2. Steel Shot 3.53 3.55 3.5k 2.66 11.5k 10.90
3. Other 0. 17.26 0.10 Q%.&l
Subtotal 1_3.91 /.5 HI5 I 10625 5 pae:)
¥. Blag 3k.53 172.76 130.50 135.49
G. Coke Ash 27.93 35.85
H. Scerubber Discharge 16.89
I. Dust Collector Discharge 7.19 1%,.95 18.56 10.89
J. Miscellaneous 1.81 18.75 1.93 h.67 .73
TORAL 6h0.13 1053.084 1762.75 798.33 1586.25 247L.66 123.74
Table 11, Estimated Pounds of Material to Landillf Per Ton of Metal Shipped
Qray &
Toundry Mallesble Ductile Iron Copper-Ease Ductile Ironm 8teal Aluminum Copper-Base
I II I w v vI viI
A. Refractories k0,25 52.80 30.43 17.96 138.25 h1.10 38.70
B. Bystea Sand
1. Molding Sand - :
New Materisl 989,76 171.32 2038.77 689.63 2336.77
2. Degraded Shell 39.26 12.94 32.k2 88.29
3. Other Degruded
Core 3and
4. Degraded 011 101.11 h80.27 109.13h ALT.0L 566.83
g. Degraded (02 12h.1k 29.33 786.92
. Degraded No-Bake .
Subtotal 1Z55.37 AL.59 20817 B‘s%"f% Z756.20 THZ R 10155
C. Corw Sand Tatal
1. Core Butts 264.50 8h.75 1173.56 167.06 Whg. k2 4832.83 80.18
2. Core Roonm Sveepings 50.25 18.65 161.05 60.67 101.15 £3. )
Subtotal : 31NTS 103.%0 1334, 227.73 550.57 . 395
Total Sand 1569,08 2295.19 3373.38 1084, 48 3336.77 £338.85 2k1.18
D. Annealing Room Waste b 22
E. Cleaning Room Waste
1. Grinding 2.77 12.88 0.9 12.57 1.28 hs
2. Btasl Shot 9.87 6.90 T.32 6.92 29.94 27.25
3. Other 1. . 51 0.20 252.
Bubtotal 'ﬁ‘? 3 87.%% Sk.25 51 LT 3122 2770
¥. Slag 96.48 395.92 270.02 353.0L
Q. Coke Ash 64,02 Th.22
H. Scrubber Dischargs 3h.97
I. Dust Collector Discharge 20.10 25.21 162.67 28.38
J. Miscellanecus 5.06 37.50 5.03 12.07 1.83
TOTAL 1783.86 2895.36 352h.81 1652.83 k133.23 6h23.2h 305.35
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Fig.3. Voiatiles, combustibles vs temperatures for 4%
shefl sand.

Curing, followed by thermal degradation by heat from
molten metal, are the main events in the processing cycle
that influences solid waste production. When heated,
resinous binders soften, begin to volatilize, char and
oxidize as temperature and time increase. A volatilization
curve for a 4% phenol formaldehyde shell core sand
mixture illustrates this behavior, Fig. 3. Volatilization
begins only slightly over ambient temperature, Fig. 3.
Part of the binder is driven off during initial resin-coating
of the shell sand, as well as during curing when the coreis
made. However, most of the binder is driven off in the
600-900F (316-482C) temperature range as resin
decomposes, mainly to COz, CO, H; and water vapor.
Carbon char remains, with some additional loss to 1700F
(927C). In an open crucible, oxidation of the resin and
char leads to a greater total volatilization of binder, Fig.
3. Oxidizing conditions burn off carbon as degraded core
sand proceeds through the shakeout operations.

The volatilization curve of Fig. 3 can also be expressed
as a relationship of the percentage of total binder
volatilized, oxidized and charred in an open crucible after
30 min at temperatures as shown in Fig. 4. For example,
3% weight loss in a 4% binder-sand mixture means 75% of
the total binder is lost. This relationship has been plotted
for all resin-type core binders tested, Fig. 4. Most of the
binder is lost once a temperature of about 1000F (538C) is
exceeded. Below 900F (482C) degradation wvaries
somewhat with binder type. All carbonaceous resins and
sand additives studied thus far follow the degradation
curves shown in Fig. 4.

Core sands can be grouped in four process stages in
relation to the thermal effects revealed in Fig. 4.

1) Freshly mixed, uncured sand (sweepings).

2) Cured sand in cores.

3) Thermally degraded sand heated over 1000F
(538C). This is shaken out from castings.

4) Core butts. Sand not exposed to mold temperatures
over about 800F (316C); not sufficiently thermally
degraded to decompose the binder so the core form
is retained.
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The total amount of new sand purchased for core sand
use is listed in Table |, for each of the major binders.
Table 2 lists the amount as a percentage of total new
purchases. Sand is mixed with binders in the foundry or in
the case of shell core sand, is sometimes purchased with
binder already present as a sand grain coating.

Sand dropped on the floor while handling and making
cores is swept up and transferred to landfill waste as
sweepings. The percentage of sweepings in the total waste
is listed in Table 9. This sand has not been exposed to the
curing process and therefore contains the percentage of
binders in the initial mixture.

Cores exposed to hot metal lose their strength due to
thermal degradation. When degradation is complete
(over 900-1000F (482-538C) ), the sand no longer has
strength; it falls away from castings in shakeout and
becomes a part of the molding sand. In molding sand. it is
exposed to additional heat since molding sand may
complete twenty or more cycles of use before it goes to the
landfill. Degraded core sand in molding sand thus will be
substantially free of its binder by the time it reaches
landfill as part of the system sand. The only undegraded
core sands reaching landfill are sweepings and core butts.
Core butts are remnants of cores not heated to a high
enough temperature by metal tocause degradation. After
shakeout, these core chunks are screened from molding
sand in pieces usually larger than 1/4 x | /4in. and sent to
landfill. Unused defective cores and broken cores are
included in core butt process waste. Core butts, as a
weight percentage of the total waste are shown in Table 9.

The pounds of core sand purchased per ton of metal
melted, Table 4 reveals the extent of core processing done
in a foundry. Foundries 111 V1 and VII, copper and
aluminum alloy foundries, have very high core sand use.
Foundry III used its sand only once. Foundry VI had the
highest weight ratio of core use. Ferrous foundries show
new core sand purchases of 200460 1b/ton of metal
melted, revealing similar levels of coring.

Pounds of core sand to landfill Table 10 is also reflected
in new sand purchases. Ferrous foundries discarded 45-
212 1b/ton melted. Foundries III and VI, producing
copper and aluminum castings respectively, discarded
much higher weight ratios. However, foundry VII,
another copper alloy producer, shows a large drop in
weight of sand to landfill because most of its sand is sent
to a smelter for recovery of entrapped metal.

Leachable Core Sand Waste

Core binders and additives are the only potentially
leachable constituents of core sands.? The thermally
degraded binder and additives contribute very little to
leachate. Only sweepings and core butts may contribute
significantly. Assuming a binder level of 2.5%, the percent
of core binder in the total waste from a foundry can be
estimated from the percentage of core butts and
sweepings in the total, Table 10. This percentage varies
from a low of about 0.09% from foundry I to a high of
about 2.3% from foundry VI. Differences are due to the
percentage of cores used and the kind of metal cast.

Foundry Landfill — Leachates from Solid Waste



Moaiding Sand

Systern molding sand consists of sand, clay binder and
additives, plus low levels of organic residues from
undecomposed core binders. The clay binder is usually a
natural western or southern bentonite, or sometimes
fireclay, in amounts varving from 5-156; by weight.
Return sand added to the muller consists partially of
freshly degraded core sand from shakeout and degraded
core sand from previous molding cycles. Systematic
additions of new sand and clay are added during mulling
as required. That part of the total sand purchased for
initial use as core sand is shown in Tables | and 2. This
table also shows the portion of total sand purchased
which is used as new molding sand. together with clay and
additives. Spent system sand. plus core sweepings and
butts. eventuallv end up as the total sand contribution to
solid waste landfill, Table 7.

With each reuse cycle. the system sand containing
degraded core sand. added new sand, clay binder and
additives undergoes some thermal degradation from heat
absorbed from metal poured into the molds, Additives in
sand mixes are carbonaceous materials such as pulverized
coal. cellulose, starch or cereal flour total 1.0-7.067, These
respond to thermal degradation in the same manner as
core sand binders, Fig. 3 and 4. Details of this behavior
are in references 1-7 and 14. Clay binder is inorganic. not
carbonaceous. Clay may lose water of crystallization,
may undergo fusion and crystal structure changes as
temperatures of 1000-1700F (538-927C) are exceeded.
This occurs, however, to only about 5%¢ of totalclay in the
sand with each cycle.’

System sand is gradually replaced within 20 or more
cycles by dilution from degraded core sand from shakeout
and from sand and binder additions to the sand mixer
during recycling. Displaced sand goes to landfiil as system
sand. Fig. 2. Waste system sand, as a percent of the total,
varies from 63-99¢; of total landfill waste, Table 9.

Leachable System Sand Waste

Undegraded bentonite clay is the principal active in-
gredient of svstem sand waste in landfills. It is indicated
that thermally degraded carbonaceous additives in waste
system sand have little leachate-forming effect.! Further,
the clay is essentially a nonleachable constituent.
However, it has two important properties which can be
useful in landfill leachate control. First it has a high
absorbing capacity for many water-soluble organic and
inorganic substances. This can prevent or limit soluble
constituents of foundry waste from leaching out of the
landfill. Second. bentonite clays swell appreciably when
exposed to moisture. This can limit or control the flow of
water through the waste. Because of these properties, it
was considered important to investigate effects of clay on
leachate formation in landfills. The percentage of clay in
the total waste from a foundry can be estimated from the
percentage of system sand in the total waste, Table 9,
assuming 6.06% clay in system sand. On this basis, clay
percentage ranged from 1.35% (foundry VI) to a high of
4.5¢ (foundry I1). Effects of clay amount and type on
leachate formation are reported tn subseqguent sections.

Foundry Landfill — Leachates from Solid Waste
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Melting and Pouring, Ferrous Foundries

Refractories, slags and dust collector particulates are the
principal wastes from the melting and pouring process
cycle. Oxides form when metals are melted in preparation
for pouring into molds. The oxides may occur as slag or
dross which is usually treated with flux for convenience in
separating it from the metal. In cupola melting a major
source of slag is the 6-10¢% of ash in coke used as fuel. This
is fluxed with limestone, dolomite, fluorspar or other
fluxing materials and leaves the cupola as a molten slag
that solidifies to a glassy solid. Metal particles may be
entrained in the slag. Slags and drosses may also result
fromcopperand aluminum alloy melting. However, these
are normally reclaimed. as stated earlier, and not sent to
landfill. The percentages of melting material that enter
the solid waste aggregate as refractories, slag, ash
particulates and dust collector material vary from 6.8 to
32.8% in the ferrous foundries, I, I1, IV and V,in Table 3.
However. the two foundries with cupolas have 15.9-
32.8% of this material while the others have less than 105.
The leachate-forming behavior of this material is low.'

Cleaning, Heat Treating and Inspection

Cleaning refers to the operations of removing risers and
gating, excess metal, repairs if necessary, surface con-
ditions and preparing the castings for shipment. Metal
removed from the casting returns to the melting cycle.
The principal wastes generated are grinding wheel and
metal dust, abrasive shot dust, welding refuse and dust
collector particulates. Table 9 shows this to be less than
8.960% of total waste and mainly less than 6,56%, There is
also a small amount of waste from heat-treating
operations. All this waste is comprised mainly of metallic
oxides and metallics and may have little leachate
potential.’

Finally, inspection operations determine whether any
of the castings are defective, Those which are un-
satisfactory are recycled to the melting process and will
not appear as waste [isted in Table 9.
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Solid Waste Quantity and Mell Tonnage

The range of percentages of each type of waste to be
expected in total solid wastes from green sand foundries
has been shown by these studies. The quantity of waste
from a foundry can be expressed in relation to the
tonnage of metal melted, Table 10. The quantity of waste
varies from 123 to 1763 Ib/ton of metal melted on an
annual basis. The range is readily related to differences in
the melting process used, type of castings made, types of
core and molding processes used, the casting alloy and
other foundry processing characteristics.

Ferrous Foundries

The total solid waste per ton of metal melted varies from
640 to 1586 b, Table 10. The high value in the range is
from steel foundry V. It is mainly a result of using about
400 Ib/ton more new molding sand materials for steel
castings than for cast irons. Higher processing
temperatures with steel usually require more new sand
and refractories. The low value in the range is from
foundry I which uses electric induction melting. This
generates less melting waste than cast iron foundries 1!
and IV using coke-fired cupolas. The latter foundries
generate about 800-1000 1b of waste per ton melted. Thus
the range of 640-1586 1b of solid waste per ton of metal
melted is conclusively related to the foundry processes
and products.

Copper and Aluminum Foundries

While operations at nonferrous foundries are similar to
ferrous foundries with respect to types of processes and
materials used, there were certain differences. Since the
metals cast are nonmagnetic, separation of metallic
dripping and shot from the sand, dross and slag is more
difficult. Because of contained metal value, some of these
wastes can be sent to a smelter for reclaiming and
recycling of the metal. Aluminum foundry V1 in Table 10
sends dross, slag and some defective castings to a smelter.
Copper alloy foundry VI in Table 10 sends a large amount
of systemn sand to a smelter to recover metal. These
Ppractices obviously reduce the pounds of material going
to the landfill per ton of metal meited in foundries VIand
VII. In contrast, copper alloy foundry Il in Table 10 is
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unique among the seven studies since it uses its core and
molding sand only once. This accounts for the high value
of 1763 1b of waste per ton metal melted in foundry 111
compared to the 128 [b/ton in foundry VIIL

As expected, aluminum foundry VI has a lower rate of
generated solid waste, 274.66 lbjton melted. If one
considers the difference in metal density of aluminum as
compared to that of iron, then the value becomes (274.66
X 7.9) + 2.7 or 803.63 Ib/ton melted. This is seen to fall
into the middle of the range for the ferrous alloys. Again it
is evident that the nonferrous alloys show excellent
correlation of foundry processes and solid waste
generation rate in pounds of solid waste per ton of metal
melted.

Accuracy

A balance of process materials going into and coming out
of a foundry should fulfill valid accuracy criteria. In this
research the balance of outgoing solid waste was found to
occur within £ 5% of the ingoing new materials.’

Summary

A materials balance has related new solid materials
purchased that enter foundry processing with solid
process waste going from foundry to landfill. Spent sand
is the major waste material amounting to 65-99¢% of the
total solid waste going to landfill. Melting processes and
cleaning room waste account for most of the remaining
waste. The proportions of each category of waste sent to
the landfill, i.e., landfill composition by category, are
given, Table 9, for seven foundries of diverse alloys and
processing. The quantity of total waste produced was
found to be 650-1753 Ib/ton of metal melted in four
ferrous foundries and 124-1763 b/ ton of metal melted in
three nonferrous foundries. The wide range is due to
processing and disposal differences in the foundries, as
well as differences in alloy densities. Consideration of the
relationship between foundry products, processing
techniques and waste disposal permits a valid balance of
ingoing and outgoing materials to be achieved. Those
ingredients of the landfill waste most likely to influence
the quality and quantity of leachate have been categorized
and percentages of leachate present have been related to
foundry type and processing methods.

Foundry Landfill — Leachales from Solid Waste



Preliminary Studies on Leachates
from Foundry Process Solid Wastes

Environmental standards at federal and state levels have
been developed for control of waste discharges to air,
water and land. These standards have meant a new look at
all kinds of waste materials, including those from
industrial sources. Possible effects on surface and
groundwater are the primary concerns. The foundry
industry as well as pollution control agencies are in-
terested in determining the effects of these disposal
practices on the environment.

Based on this background, the American Foundry-
men’s Society has sponsored a research project at the
University of Wisconsin to determine those effects.
The primary objective of the research was to determine
the quantitative and qualitative pollution characteristics
of leachate from selected foundry process solid wastes.
Leachate is a polluted liquid formed by percolation or
movement of water through a waste material. During
contact with the waste this water picks up certain
dissolved and suspended matter. The liquid containing
this matter is referred to as leachate.

Leachate studies have been conducted, based on
materials and waste balance studies, to examine the
characteristics of any leachates that can be expected from
foundry waste materials. Leachate studies have consisted
of two phases. Phase A presents preliminary information
about maximum amounts of contaminants which can be
produced by intimate contact of selected foundry wastes
with water (reported in this chapter). Phase B compares
those maximum amounts and related information
obtained in phase A studies with amounts released under
simulated landfill conditions. This information is con-
tained in chapters 3 and 4.

1} To develop a standardized laboratory testing
procedure for the entire series of tests for use in
determining leachability of matter from various
sands. Comparison of results from the laboratory
testing procedure with results from simulated
landfill situations (examined in phase B} will define
relationships to be used in estimating in-field
leachate results.

2) Use of this procedure to examine leachability of
matter in various sands to determine maximum
release under intimate contact with water.

Foundry Landfill — Leachates from Solid Waste

3) To compare release among various sands and to
determine those with the greatest leaching
potential.

Foundry Solid Waste Handling and Disposal
Practices

Land disposal is the only true disposal activity practiced
by the foundry industry for waste sand materials, Some
foundries may have various systems installed for sand
reclamation but even these result in residues that are
disposed of on land. Waste sand is usually in the form of a
mixed waste load made up of sands and other wastes
generated by several different sources within the plant.
These wastes originate from corerooms, shakeout areas,
dust collectors, system sand excess and other sources. The
sands and other waste materials have been subjected to a
variety of operations, processes and temperature ranges
within the foundry.

Waste Handling and Disposal Practices

Although sluicing or hydraulic conveyance of wastes is
occasionally practiced, the wastes are usually dry-
handled and trucked to a land disposal site.

Many different tvpes of sites are used for disposal of
foundry solid wastes. Municipal or private sanitary
landfills, which accept other varieties of solid waste
including garbage and trash, accept foundry solid wastes
as ground cover. Waste foundry materials are more often
discarded in privately owned sites used exclusively for
those wastes, or in sites adjacent to and owned by
individual foundries.

Physical characteristics of these sites vary widely.
While some sites are large in size and capacity, they are
often small with short-term capacity. 1t is not uncommon
for private landowners to request loads of foundry sand
waste as fill for small low areas to improve the land's
development potential.

The physical setting of disposal sites varies from high-
and-dry types to lowlands and shorelines. Sites located in
topographically high areas are also typically considered
to be hydrogeologic recharge areas,
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Rainfall entering a recharge area travels downward to
join groundwater supplies by further downward and
sometimes lateral movement. On the other hand, sites
located in lowlands are considered to be in discharge
areas. The gradients of water movement in discharge
areas are usually upward and groundwater levels are
generally a short distance below ground surface. It has
been a fairly common practice in disposal of foundry solid
wastes, as well as in disposal of other wastes, to use
wetland or discharge type areas. In areas such as these,
waste material is often water-saturated from the presence
of surface water or shallow groundwater, In the past,
selection of these sites often has been similar to the
selection of disposal sites for other industrial and
municipal wastes. Land selection decisions were made
based onland availability within reasonable haul distance
of the foundry and at the right price.

Various onsite operating procedures are used to
dispose of waste materials. At some sites, waste sand and
other materials are randomly dumped and graded, either
periodically or upon completion (filling) of the site, to
provide a fairly smooth surface. In some cases foundry
wastes have been combined with other industrial and
municipal wastes in a sanitary landfill. In these instances,
foundry wastes are often used as supplementary daily
cover material over other wastes. In other sites, foundry
waste is graded upon deposition and covered with earth
and topsoil. After revegetation, land is provided for other
uses.

While other disposal practices certainly exist for
handling foundry solid wastes, the practices and site
features discussed here are some of the most common. It
is felt that the type of site and operating procedure used
can have significant importance on the effect of any
leachate on ground and surface water. These physical
relationships are further examined in phase B of the
leachate studies.

Development of a Standardized Laboratory Testing
Procedure

The objective of this portion of the research project was to
develop a standardized procedure for determining
maximum leachability, or matter release, from foundry
sand waste materials. The procedure was designed to
maximize release values as a logical first step in predicting
actual release under natural landfill disposal conditions.
After conducting additional tests relating directly to in-
field disposal conditions, relationships and correlations
can be drawn between results from the laboratory
procedure and results to be expected under actual
disposal conditions.

Testing procedures involve determinations of chemical
oxygen demand (COD) and biochemical oxygen demand
(BOD) requirements of foundry sand wastes. COD is a
test used to measure pollutional strengths of domestic and
industrial wastes. This test measures the organic content
of a waste in terms of quantity of oxygen required for
oxidation of the waste to carbon dioxide and water.
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During a determination of COD, organic matter is
converted to carbon dioxide and water regardless of the
assimilability of the substance. Biochemical oxygen
demand (BOD) measures the amount of oxygen required
by bacteria while destabilizing decomposable organic
matter under aerobic (action in the presence of oxygen)
conditions. BOD tests determine pollutional strengths of
domestic and industrial wastes in terms of the oxygen
they will require if discharged into natural water courses
in which aerobic conditions exist.

COD values are greater than BOD values and can be
much greater when significant amounts of biologically
resistant organic matter are present. Iln conjunction with
the BOD test, COD tests indicate any toxic conditions
and the presence of biologically resistent organic sub-
stances. Both tests are used in this study.

Several variations of testing methods are used for
extracting or leaching matter from solid materials. While
development or standardization work for these test
methods is not well described in the literature, general
procedures are outlined in some cases. It was verified
through literature review that the test method selected
depends primarily on the objectives of experimentation.
These were found to range from determining maximum
leachability in a short period of time to simulating actual
landfill leaching conditions, or to fulfilling other
objectives.

Test methods for determining leaching characteristics
have been applied to a variety of waste materials.
However, literature review indicated little detailed
documentation for tests conducted on foundry sand
wastes,

One large chemical company” has used a two-step
technique of combining 50 g of sand with 100 m] of water,
mixing, allowing to settle and sit overnight and then
filtering the water plus an additional 100 ml of rinse
water. The total 200 ml are available for analysis. The
second step is similar to the first except that quantities of
sand, water and rinse water are more than doubled. This
testing concluded that curing of binders results in
substantial reduction of leachable constituents. In
general, shakeout sands (those subject to metal pouring
temperatures) were shown to contain negligible or very
small amounts of leachable components.

Another company'® has used a procedure whereby 500
g of sand is combined with 2000 ml of deionized distilled
water and agitated for 48 hr before the solution is
extracted and analyzed.

Some foundry sand leaching studies conducted in
Germany'' used multistep passage of water through a
plexiglass column filled with foundry sand. Columns
were layered on top and bottom with silica to ensure
uniform distribution of eluting waters over the column
cross-sections. A uniform flow of 5 liters of water per 24
hr was established for a one-to-five-stage elution process.
Eluted water and eluted matter were examined.

One test facility'? worked to develop test methods for
determining degree of leaching of landfilled wastesand. in
particular, their proprietary solids. A test procedure was

Foundry Landlill — Leachates from Solid Waste
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developed, based on five criteria set by the parent
company and generally stated here:

1} The rate of leaching must be determined by the
method (i.e. steady-state method).
2) Natura! leaching conditions should be simulated.
3) An understanding of the difference between normal
effluent standards and leachate standards is im-
portant.
4) Characteristics of each waste sample vary
according to additives used in producing the solid.
5) Leaching characteristics depend on:
Chemical reactions of solids with diluents
Permeability of solids to the diluent.

Based on these criteria, the parent company developed
a standard leachate test for use in their facilities. The test
uses column studies in which distilled water is passed
through a compacted column of material. Leachate is
collected in specified portions and analyzed.

Experimentation by Benedict, McKeown and Hart'
was designed to establish methods for estimating
potential contribution of leachate material from wood
bark residues under static leaching conditions. The
studies were designed to define effect of contact time on
concentration buildup of various types of leachable
matter.

Known quantities of wet bark were placed in columns
and combined with measured quantities of distilled water
in some columns and saline water in others. Bark was
combined with waterina |:1 mix (wet weight basis). The
effect of contact time on bark leaching under static
conditions was evaluated by leaving the columns un-
disturbed, except for periodic withdrawal of contact
water for analysis, for periods up to 85 days.

Data on COD and BOD: (biochemical oxygen demand
after 5 days) was fit to a static leaching equation to predict
the limiting concentration of extractive under static
leaching conditions.

In other work, Benedict, McKeown and Hart' con-
ducted dynamic leaching studies to define inter-
dependence of time of contact, contact water volume,
bark quantity and field-storage age on BOD;s, COD and
color leaching from wood barks and to study washout of
BODs, COD and color by repetitive contact of bark with
fresh water. Distilled water was used to simulate fresh
water conditions. Known quantities of wet bark were
placed in columns and combined with contact water.
Bark leaching under flowthrough conditions was studied
by passing contact water upward through the bark-filled
columns at a known flow rate. Flow rate was adjusted to
provide specified contact times.

Asano, Towlerton and Sanks' conducted research to
evaluate the rate at which, and extent to which, selected
pollution constituents leach or diffuse from wood chips
transported in hydraulic pipelines. Simulated hydraulic
pipelines were used to contain and agitate distilled water
containing various concentrations of wood chips. Time of
immersion and agitation covered a range of 10-40 hr.
Samples were withdrawn and analyzed at appropriate

Foundry Landfill — Leachates from Solid Waste

intervals throughout the agitation period. One conclusion
reached in this work was that the most rapid leaching of
substances from the wood chips occurs at time of
immersion. During the first 2 hr of agitation,
approximately two-thirds of the total amount was
released into the water, After 4 hr, the rate of leaching was
slow except for color.

Several studies have been conducted to determine
concentrations and quantities of solutes which can be
leached from combustion byproducts, fly ash in
particular. These studies are summarized in a report by
O’Conner, Virshbo, Cain and O'Brien."

In one Wisconsin study, several samples of combustion
byproducts were obtained from a landfill. A dried 50-g
portion of each sample was placed in a beaker and then
contacted with 500 ml of demineralized water at 72F
(22C) and the mixture stirred for 30 min. After decanting
the liquid with its extracted solutes, solid residue was
again contacted with 500 ml of demineralized walter, this
time at 212F (100C) and the mixture stirred again for 30
min. An interpretation of results by O'Conner, Virshbo.
Cain and O‘Brie_n'ﬁ indicated this double extraction of
solutes from fly ash samples was a simulated, accelerated
test for leachable materials. Comparable extraction
under natural conditions would take a considerable
length of time.

A study in [llinois made use of columns loaded with ash
and slag samples which were subjected to repeated
elutions with demineralized water in an effort to
determine approximately how much solute could be
leached. Approximately 1-kg quantities of wastes were
loaded into columns and extracted successively with -
liter portions of demineralized water. It was apparent that
first elutes were very high in dissolved matter. The
authors indicated these high levels may not be
representative of those which would be found in a
leachate from an actual combustion byproducts landfill.

Procedure Development Through Experimentation

The basic testing technique examined in thisstudy was the
shake-flask method. This method measures the amount
of matter which can be removed from foundry sand
materials by direct solubility or desorption and indicates
which materials may be of particular concern in disposal.
The shake-flask method does not measure any filtering
effects of sands in removing matter from leachates nor
does it measure any effect of biological activity which may
be present in the sands under actual landfill disposal
conditions. However, it is a relatively rapid and un-
complicated method that can be used to obtain maximum
release of matter under conditions of continuous sand-
water contact. Shaking provides thorough mixing of flask
contents. Much testing has been conducted to develop the
standardized shake-flask procedure described here.
Standard wet chemical methods'™ were used to analyze
for parameters such as COD, BOD, solids and pH.
Alkalinity analysis was done by titration to the methyl
orange end point and nitrated nitrite by the Keeney Micro
Kjeldah! method.'®
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The sand material used during test procedure
development was a shell sand consisting of 964 silica with
4% phenol-formaldehyde resin. This material was cured
by baking thin slabs (1/4-1/2-in.-thick) at 400F (204C)
and at 500F (260C). Thin slabs were used to ensure
uniform curing and were heated between two 5 x 14-in.
plain carbon steel sheets to prevent excessive oxidation of
the sand resin. The cured shell sand was crushed in a ball
mill for 1 hr. This material was used through six phases of
testing in order to standardize the shake-flask method for
this application.

A detailed presentation of the testing program appears
in chapter 3. Several variables affecting test results were
specifically examined in the testing program with these
conclusions:

Method of sand sample selection and preparation —
During the early tests, it was found necessary to use a soil
testing technique of sample mixing and splitting to obtain
a sample representative of the source matenal.

Quantity of sand sample — It was found after several tests
that a 100-g sample of sand would provide a smallenough
amount of material to be workable and yet provide a large
enough quantity to be representative of the source
material and to yield repeatable results.

Yolume of sample water — Distilled water was used as
sample medium, to simulate rainwater, because testing
objectives were to determine matter release in water and,
in future testing, to relate results to natural environmental
conditions. Four hundred ml of sample water was found
to be workable and to provide enough liquid for all
necessary analytical tests.

The ratio of 100 g of sand 10 400 ml of water was chosen
through a comparison of release results from samples
with several different sand-water ratios. Analysis of
results from earlier phases of test development showed
that sand-water ratios of less than 50 g of sand in 400 ml of
water gave unpredictable and nonreproducible results.
On the other hand, ratios greater than 50 g of sand in 400
m] of water gave reproducible resulis. A curve verifying
this finding has been reproduced from chapter 3 and is
presented in Fig. 5.

Tem PHASE ' T T T T T T T

!0.0-\ SERIES F- CUMUL. COD vs SAND/WATER —

N \ RATIO 4

totaL *\ 7
cumuL. ~ W
cod L 1
mg/g = -
after 3 4.0F 1
tast L N

periods

20— —

| NS I T R S N | S | [ D DV LJ
i8g 309 100g 3Q0g €600g

SAND QUANTITY |N 400mis WATER
{SAND TO WATER RATIO)

Fig. 5. Total cumulative COD vs sand/water ratio.
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Particle size of sand sample — Early tests showed less
release of matter from pellets made of many bonded sand
particles than from individual sand particles. However, to
provide a homogenous sample and to obtain maximum
matter release, sand consisting primarily of individual
particles was used in the standardized procedure, Hence,
for most sands tested, it was necessary to pulverize or mill
them because of bonds formed by heating and by various
chemical bonding reactions.

Method and extent of shaking — Reciprocating shakers
used with wide-mouthed 2-qt mason jars were found to
provide adequate mixing action. Eberbach shakers were
used, operating at a speed of 180 complete vibrations per
minute. Jars were vibrated through a distance of
approximately 1-1/2in. in a horizontal plane. To prevent
excessive stress on sand particles, shaking was done only
twice per day for approximately 15-30 sec each. Con-
tinuous shaking was not found to be desirable, since the
objective of shaking is only to provide complete sand-
water mixing for release purposes without abrading sand
particles.

Sample retrieval — To obtain maximum matter release
from sand samples on a cumulative basts. it was found
necessary to first wash solid residue remaining in the
flasks with 100 m! of fresh distilled water and add this
sclution to the 400 ml of solution to be analyzed. Then
400 ml of fresh distilled water was a